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GUTH GRATELITE CEILINGS GO UP WITH EASE 


Louver Diffuser* 


FASY!...7O. INSTALL Each operation is completed in seconds: The‘'slip-fit’’ Una-Tees 
1 snap together with Tee Joiners 1-A. Spacer Bars 2 snap 
into slotted Una-Tees. Tee Connectors 3 form ‘‘clutch-tight”’ 
connection between Una-Tees and Spacer Bars. Sliding 
Hangers 4 use only one screw at top to carry the load...and 
offer almost complete vertical or horizontal adjustment! Wall 
Clips 5 secure Una-Tees to walls. Corner Trim 6 snaps in 
place to make square corners. Contractors tell us that 
GrateLite Ceilings require 0.06 to 0.09 man-hours per sq. ft. 
GrateLite Panels 7 drop into place... your choice of 2’ x 2’ 
module Non-Combustible GrateLite...16”x 48” module Stand- 
ard or Mystic GrateLite**. For round or curved perimeters — 
Una-Tees 1 can be bent to fit and may be cut to any length 
required. Four-sided support assures permanent alignment of 
all panels. To relamp or clean, remove each panel separately. 


RELAMP AND CLEAN! 


1. BLE. W. Union made and wired 


see patina saa oaee WRITE FOR FREE. GRATELITE BROCHURES 
Pe he weer sganoe 


LIGHTiIncG 
since 1902 THE EDWIN F. GUTH CO. 2615 Washington Bivd., Box 7079, St.Louis 77 


ly Enclosed 
Encapsulated 


FEEDER DUCT 
is the finest ever built! 


On EVERY Basis of Comparison— 


¥ Lowest Reactance 

¥ Highest Short Circuit Rating 
¥ Most Compact 

¥ Lightest 

¥ Most Versatile 

¥ Easiest to Install 


write for 48-page Feeder Duct Data Bulletin 
Square D Company, Mercer Road, Lexington, Kentucky 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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Pat. Pend. U.S.A. 
Pat. Perid. Canada 
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NEST floodlight in the industry! 


Appleton-Engineered 
for Amazing Efficiency! 


Here’s high floodlight operating efficiency 
PLUS real floodlight lumen output! To utilize 
the remarkable new 1500-Watt Quartz-Iodine 
Lamp to the fullest possible extent, Appleton 
has designed and developed this sensational 
new fixture. 


For a host of hard-to-light situations, the 
Appleton Intenso Quartzlite 1500 floodlight 
complements the new, more powerful filament 
type lamp with truly compact design. Light in 
weight, easy to install, easy to handle, this 
floodlight will do a more efficient job than a 
comparable conventional floodlight. 


The 22 lumens per watt throughout life of the 


Quartzlite 1500-watt lamp represents 50% 
greater light than that of a 1500-watt PS52 
Jamp. It gives a full 22 lumens per watt con- 
stantly through a 2000 hour life. 


The Quartzlite 1500 offers an unusually eff- 
cient beam pattern. Its beam spread in the 
vertical plane has a very sharp and easily con- 
trolled cutoff, eliminating excessive “spill” 
light. There is wide horizontal light distribu- 
tion. This floodlight can be mee either out- 
doors, or in most indoor areas. 


Contact your Appleton Field Engineer, Franchised 
Distributor, or write today for Bulletin QL 15-161 


APPLEION. 
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SILICONE NEWS from Dow Corning 


vee. 


For Performance Plus...Specify 
Silicone Insulated Transformers 


Here’s Why—(1) Low cost installation . . . transformers using silicone 
insulation systems are up to 50% lighter, 50% smaller and require no 
costly vaults or barriers. (2) Lower operating costs . . . silicone insu- 
lated transformers are virtually maintenance-free — have no liquids to 
filter or change — need no space heaters to keep de-energized windings 
dry. (3) Maximum safety . . . silicéne insulated transformers are com- 
pletely dry. There’s no danger of toxic fumes, or fire. (4) Maximum 
reliability . . . silicone insulated transformers operating at 200C have a 
longer life expectancy than Class A transformers operating at 100C. 
Depending on design, silicone insulated transformers withstand overloads 
of 25 to 50% above rated capacity. Units have been flooded without 
damage to windings. 


Here’s How — Dow Corning silicone insulation has excellent electric 
strength and is unaffected by thermal cycling and high temperature. . . 
enables transformer manufacturers to (1) produce lighter, more compact 
units — units that double capacity without increasing space or weight 
requirements; or (2) build units that withstand substantial overloads. 


‘Blueprint for Reliability 


Here’s What — Silicone insulated dh 
type transformers in three enclosures: ( 
open, (2) enclosed and (3) gas-filled seale 


Here’s Where — For load center subst 
tions, a choice of enclosed, open or seal 
gas-filled dry-type transformers that requi 
no costly vaults—can be located on roofs 
balconies to conserve valuable floor spat 


Here’s When — Right now! Whether y 
are planning for future growth, expandi 
present facilities or replacing old equi 
ment, consider the possibility of using si 
cone insulated transformers. Initial pri 
is competitive, and, when you consid 
their lasting values, silicone insulated trar 
formers give you more for your money . 
a whole lot more! 


Write today for 8 page brochure entitl 
“Specify Silicone Insulated Motors a 
Transformers and Save!” 


You Save by Specifying 
Silicone Insulated Transformers. 
Write Dept. 3605. 


Dow Corning CORPORATIO 


MIDLAND. MICHIGA¢ 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, © 
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Sidelights 


SELECTING ELECTRICAL EQUIPMENT 
= The book-length editorial feature in this issue is an original project pre- 
pared exclusively for our readers by our own team of engineer-editors 
and coordinated by Associate Editor Joseph F. McPartland. 


TOOLS AND METHODS 


ff : With rising wage rates and still critical shortages of skilled manpower, 
electrical contractors are searching everywhere for tools and equipment 
to cut costs, to improve productivity and to promote safety. Effective 
job mechanization and sophisticated tooling have the added advantage 
of attracting superior youngsters to the craft and extending the effective- 
ness of highly skilled older mechanics. In response to the problem, As- 
sociate Editor August Eckel has been bringing together a comprehensive 
and up-to-date round-up of job-tested equipment and tooling in current 
use. A special report is now in preparation and scheduled for the July 
issue. 


fi 
Bove CHANGES 


| 

% The next revision of the National Electrical Code is expected to be re- 
is - leased in September. It is now in pre-print form for discussion in the 
* final formal stages leading to adoption by the NFPA. A considerable 
number of revisions are forthcoming. Associate Editor John H. Watt 
has been following the proceedings of the various code-making panels 
and will be in touch with developments in the final stages. He is pre- 
paring a summary and discussion of the significant new provisions of 
industry-wide importance in a report scheduled for the August issue. 


RESIDENTIAL 
JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY 1010 


1010 


ELECTRICAL MATERIALS 1000 


COST INDEX 
990 


980 
CHANGES IN THE COST 


OF ELECTRICAL MAT- 970 
ERIALS FOR EACH OF 960 


THREE TYPICAL JOBS 
950 


ARE SHOWN ON THESE Fs 
COMMERCIAL 


THREE CHARTS. JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY 


THE BASE (1000) RE - 
PRESENTS THE AVER- 980 
AGE COST OF THE MAT- 970 
ERIALS FOR THE YEAR 
1960 


INDUSTRIAL 


THE MONTHLY INDEX JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY 


POINTS SHOW THE VA- 
RIATIONS IN COST ON 
THE FIRST OF EACH 970 
MONTH. 960 


SOURCE - NATIONAL PRICE SERVICE. CLEVELAND, OHIO 
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ACCURATE 
MANUFACTURING COMPANY 


Garfield © New Jersey 


Over a Quarter Century of Tape Specialization 


High quality tacky tape furnished in sizes and 
packings for all commercial uses. Finest live 
rubber thoroughly impregnated into highest 
grade cotton base-cloth. A superior product for 
all electrical and general service. Available in 
Commercial and A.S.T.M. grades. 


ACCURATE 
FRICTION 
TAPE 


a sr en ee ee es SS a See ei 


A live stretching splicing tape made from a top 
quality unvulecanized rubber compound. Uniform 
in thickness, width and physical characteristics. 
Self-fusing without heat. Separator protects tape 
until ready to use. Available in ,Commercial and 
A.S.T.M. grades. 


ACCURATE 
RUBBER 
TAPE 


FRICTION: Exceeds all requirements of Ameri- 
can Society for Testing Materials designation 
D69 by a wide margin. An exceptionally high 
quality friction tape. Furnished in 8214 foot rolls 
of any specified width. 

RUBBER: Exceeds all requirements of American 
Society for Testing Materials designation D119 
by a wide margin. A superior rubber tape made 
of carefully selected and compounded ingredi- 
ents. Furnished in 380 foot rolls of any required 


ACCURATE 
ASTM 
TAPE 


The new, fast applying insulating tape recom- 
mended for use wherever plastic tape is ap- 
plicable. Thin caliper, good stretch, excellent 
strength and high dielectric make Accurate 
Plastic Tape, the leading choice of electrical 
men everywhere. When the job calls for plastic 
insulation, Accurate will speed. the work and 
afford lasting protection. Available in both .007 
inch and .010 inch thicknesses and in various 
lengths and widths. 


ACCURATE 
PLASTIC 
TAPE 


A complete guide to electrical tape —the new 


ACCURATE 
CATALOG 


The handy reference litera- 
ture tape users and buyers 
will find invaluable. To | 
receive your file copy, just | 
call or write Accurate | 
Manufacturing Company, | 
Garfield, New Jersey, and | 
ask for catalog # 49. 


Accurate _ Dis- 
play boxes are 
available in 
two sizes for 
counter or show 
window. 


ones 


Handy Accurate ten roll container keeps 
iob quantities of tape clean, ready to use. 


(Fok FAST SERVICE enmere WAREHOUSE STOCKS and REPRESENTATIVES 
in any quantity, contact the ( 


nearest ACCURATE representative. 1 IN ALL PRINCIPAL CITIES 


6 ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1962 


s 


MAY @ 1962 


Governmental actions instituted by President Kennedy were 
used to turn back a $6-per-ton steel price increase during the 
second week of April, in what has been aptly described by the 
administration’s critics as ’’a display of naked power politics 
never seen before in this nation.’ First announced by U. S. 
Steel Co., and then followed by six other steel producers, the 
Price increase was needed to meet increasing costs, for modern- 
izing and automating steel plants, and to keep American steel 
competitive in world markets. The increase was rescinded 
72 hours later as a result of Presidential pressure. 

Many businessmen interpreted President Kennedy’s angry 
attack on steel as an attack on the profit system itself, a fiat 
against price increases, and the beginning of an era when the 
White House, not the market, will determine price levels. In 
a subsequent press conference, President Kennedy said there is 
“no room for ill will,’” and that business and government must 
live together. During this period it was dramatically demon- 
strated that the powers of the federal government can be used 
as an economic regulator, and that the implications of this 
victory will be felt throughout the economy for a long time 
to come. 


Construction spending in March declined to an annual rate 
of $56.6 billion, seasonally adjusted, the lowest level. in ten 
months, Census Bureau reported. This was up 1.5% from 
March a year earlier, however. The government forecast for 
construction in 1962 is a record $60 billion. 

Actual total construction in March was $4.1 billion, up 8% 
from February. Of this total, $3 billion was for new private 
construction outlays, and the remaining $1.1 billion was for 
public construction spending. 

First quarter new construction spending totaled $11.9 bil- 
lion, up 3% from the first quarter expenditures in 1961. Private 
construction was up 5% to $8.7 billion for the quarter, while 
public construction dropped 2% in this period to $3.2 billion. 


~ Housing construction showed renewed strength in March, 
after having declined for four months in a row. Work was 
begun on 115,700 new homes, or a seasonally adjusted annual 
rate of 1,409,000 units, 23% above the February rate. This 
was also a 9% increase over housing starts for March 1961. 
Based on a high backlog of unused building permits, a brisk 
home building construction pace is forecast for the months 
just ahead. 


Business improvement continues, but it lacks steam. Gross 
national product for the first quarter was nearly 10% ahead of 
a vear earlier, at slightly less than $550 billion. The Kennedy 
Administration had proiected a $553 billion GNP annual rate. 
Over-all industrial production in March set a new record of 
115.8% of the 1957 averaae, for the second monthlv anin in 
a row. Personal income also hit a new record—$435.3 bil- 
lion at a seasonally-adjusted annual rate. This is up nearly 
$30 billion from March of last year. Retail sales were up in 
March to a seasonally-adiusted level of almost $19.3 billion, 
a record, and surpassing the previous high of November 1961. 
The average work week rose to 40.3 hours in March, and aver- 
age weekly earnings rose 71 cents from February, to $95.91, 
principally because of the longer work week. 


Washington Report 


RACO 


One-Screw Ears 


are Better Than T 


Oval Service Entrance Cable Con- 
nectors. These new pressure-cast oval 
service cable connectors feature a 
newly designed shorter throat. The 
sturdy, non-watertight connector at- 
taches easily to service entrance 
switch. Clean, smooth threads and 
burr-free edges eliminate danger of 
wire snagging and damaged cable. 
Available in five sizes from %” to 2”. 


Offset Mast Base Reducer. New Raco 
offset mast base reducer threads di- 
rectly into meter box. No nipple 
needed. One piece for easier, faster 
handling. Offset design makes it per-. 
fect for use next to a wall. Available 
in four popular sizes—2”-14", 2”-1%2", 
2¥2"-1%4" and 242"-1'%2". 


oy 


Raco 4” square box 
with one-screw ear. 


Fittings For Every Need 
® Rigid Conduit 
@ E.M.T. (thinwall conduit) 


® Armored bushed cable, flexible 
metallic tubing and non-metallic cable 


© Service entrances 
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ne-screw ear gives you flexibility 


ico One-screw ear design boxes give you 


re working room. Result: 


More wiring 


NO EARS TO CLIP 


mm, all KO’s usable, two extra runs per box. 


MOUNTS IN ANY POSITION 


Whatever position you mount these versatile 
boxes in, you’re always right. You can’t install 


them wrong. 


-Raco quality saves you money 


ots in Raco screws. No wasted 
1otion—no loss of time. 


OTTOM KO's. Clean-cut, Raco 

om KO’s are on the inside of 

ie box. It’s easier to reach in, 
than around. 


SPECIAL APPLICATIONS 


Due to the design of Raco’s one-screw ear 
box, you have plenty of room for despard 
devices or as a transformer housing. 


SCREWS PLATED SEPARATELY. 
Every screw—and every clamp— 
is plated before it is put in a 
Raco box. No rusting. Little de- 
tails pay off in big savings. 


se . 


DIE-POINTED SCREWS. Raco’s 
specially designed die-pointed 
screws go in speedier and easier. 
The time saved adds up to big 
dividends for you. 
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No lost motion clipping ears. No screws to 
move or lose using Raco one-screw ear boxes. 


NO WIRE SKINNING PROBLEMS 


With Raco’s one-screw ear design, wire comes 
through clean—no skinning. You have more 


room. Smaller ears don’t get in the way. 


SQUARE EARS. Ears on Raco 
boxes are always 90° angle. You 
waste no time “‘pulling down’ 
ears. Raco boxes are always 
square, never distorted. 


CLAMPS FOR EVERY JOB. There's 
a Raco one-screw ear box with 
a metallic or non-metallic cable 
clamp you need. e Q clamp e X 
clamp e L clamp e C clamp e N 
‘clamp 


HEAVY DEVICES MAY BE USED 


The one-screw ear gives you more working 
room when installing switches and heavy duty 
receptacles. Get speedier installation. 


@ 


KO TIES AT BOTTOM. You can 
reach in a Raco box and remove 
any knockout with ease. Just 
twist, pull and you're ready to 
roll. Try it. 


WIDE RANGE OF MOUNTING 


BRACKETS. Raco 4” square 
boxes are available with these 
brackets. e B bracket e O bracket 
e F bracket e A bracket e W 
bracket e J bracket 
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LOAD 
INTERRUPTER 


Open view of a typical S&C Metalclad Switchgear 
bay. Note power fuses, load interrupters. Fuse 
refill units are conveniently stored in the door. 


The 
500,000-kva 
“compact” 


S&C Metalclad Switchgear 
provides maximum protection 
in a minimum of space 


1. Compact construction. 2. No need 
for rear access. 3. No front drawout. 
These features permit S&C Metalclad 
Switchgear to be installed against walls, 
in corners, along passageways, even 
in vaults and on balconies too small to 
accommodate circuit breaker type gear. 

Unlike expensive circuit breaker type 
switchgear, S&C gear with fused load 
interrupters requires no exercising, peri- 
odic checkouts, or adjustments. S&C 
Metalclad Switchgear is as economical 
on maintenance as on space. 

These advantages result from the 
simplicity of the S&C design, which 
uses power fuses for short circuit pro- 
tection and load interrupters for manual 
or automatic load switching. Power fuses 
give the protection needed against per- 
manent destructive faults. Since indus- 
trial and commercial high voltage 
circuits are not subject to transient 
faults (such as lightning, falling trees, 
ice, rodents), they don’t need the costly 
repetitive and automatic reclosing fea- 
tures of the circuit breaker. 

Compact S&C Metalclad Switchgear 
is available for indoor and outdoor serv- 
ice, with short circuit interrupting rat- 
ings up to 500,000 kva at 13.8 or 14.4 kv, 
and 250,000 kva at 4.16 kv (with fault 
closing ratings to match). Continuous 
current ratings are 200, 400, 600, and 
720 amperes with fuses, and 1200 am- 
peres without fuses (with load switching 
ratings to match). Further details are 
available from any S&C sales office, 
listed in the Yellow Pages (under “‘Elec- 
trical Equipment’’). Or write to: 


S&C ELECTRIC COMPANY 


6605 Ridge Boulevard * Chicago 26, Illinois 
Specialists in High Voltage Circuit Interruption since 1911 
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S&C Metalclad Switchgear meets all National Electric Code requirements for fault closing, 
short-circuit interruption. Performance proved by high power testing at KEMA laboratories. 
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The modern, yet rustic design of this home by R. C. Broward, AIA, makes it an integral part of the wooded site on beautiful Laurel Grove Lane in Orange Park, near Jacksonville, Fi; 


) 


In Jacksonville, Florida, this home sells for *27,500 | 


(“...and concealed telephone wiring helps sell it for us,’ says builder William M. Hall) 


“Putting concealed telephone wir- 
ing in every home we build is 
automatic with us,” says Mr. Hall, 
president of Hall Enterprises, Inc. 

“Tt’s a mighty good investment. 
In today’s competitive market, 
customers just expect that ‘extras’ 
like concealed telephone wiring are 
part of good design. And it’s no 


problem to furnish this ‘extra.’ 
The Telephone Company makes 
the installations quickly while the 
homes are being built. 

“We always display a PRINCESS 
phone in the master bedroom and, 
often, we have a color wall phone 
placed in the kitchen to comple- 
ment the over-all color scheme. 


These are eye-catching sales tool 
just like our built-in appliances.’ 


For more information on concealed tele 
phone wiring and other telephone-plannin 
ideas for builders, just call your Bel 
Telephone Company Business Office. Ai 
see Sweet’s Light Construction File 
11c/Be. For commercial installations 
Sweet’s Architectural File, 33a/Be. 


BELL TELEPHONE SYSTEM 


a OS, OBB 
S18, 2.2, ao 
SI, RPE 


H 60-amps. 
2 4%" high 


100 amps. 
6” high 


FOR DISTRIBUTION PANELBOARDS AND FRONT- 


CONNECTED SWITCHBOARDS~-A BREAKTHROUGH 
IN FUSIBLE QUICK-MAKE, QUICK-BREAK SAFETY! 


Smaller in height but more efficient, more dependable. 


Greater accessibility for easier, faster fuse replacement. Finger-tip 
switch operation. 


Each switching pole in individual housing of high dielectric strength 
bakelite for ultimate safety. Switching poles are fully isolated from fuse 
compartments. 


Interlocking fuse compartment doors cannot be opened when switch 
is ‘‘on."’ All exposed parts are dead when switch is “‘off.” Interlock has 


defeatable feature requiring special instructions to authorized persons. 
Doors can be padlocked in ‘‘on” or “‘off" positions. 


FAILURE-FREE! Switch Capacities: 30, 60 & 100 amps., 240-v; 30 & 60 amps., 480-v. 
; WRITE FOR INFORMATION 
Regular out-of-stock switch sub- 


jected to nearly 60,00 operations 
when test was stopped because 


SINCE 1891 
unit was still good as new! 


busduct + panelboards + switchboards + service equipment + safety switches + load centers + Quikheter 
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TEMPERATURE COMPENSATED 
MOTOR OVERLOAD PROTECTION 


Motors are protected even though the temperature surround. 
ing the relay differs from that around the motor, Trip time 
remains constant between -—20°F and +170°F. 


RESET 


MAIN BIMETAL 


HEATER 


INDEPENDENT TRIP TIME—Temperature compen- 
sating mechanism maintains fixed trip travel distance 
regardless of ambient temperature. Movement of bi- 
metal controlling relay trip is responsive to heat from 
motor current passing through heater element. 


MANUAL OR AUTOMATIC RESET—just position re- 
set selector for desired operation. 


TRIP FREE—overload relay contact is independent 
of reset mechanism on overload. 


SELECTOR SWITCH 


STANDARD OR QUICK TRIP—either trip speed ob- . eben 
tainable by using proper Furnas heater element. pIMETAL 


LEVER 


COMPACT DESIGN—similar in size to melting alloy 
type. Easily assembled on Furnas magnetic starters 


CN a hae Tarearac eee rugani Reliable Furnas ambient temperature compensated relays 
are extremely versatile, each providing a choice of man- 
ual or automatic reset with either standard or quick trip 
heater. 


IMPACT AND HEAT RESISTANT—constructed of 
materials chosen to resist rough treatment and extreme 
heat. 


For more information, write for Bulletin 48-B1, 1067 McKee Street, Batavia, Illinois. 
A120 


FURNAS ELECTRIC COMPANY 


BATAVIA, ILLINOIS 


Sales Representatives in all Principal Cities 
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ELECTRICAL 


when you need connectors 


Engineering help is yours without obligation. 32 years 
of designing and manufacturing experience. 


Dependability is designed into every Penn-Union fitting, 
and maintained by a rigid inspection standard, with 
complete laboratory control. 

Exceptional service— due to large warehouse stocks in 
17 strategic locations. Many items shipped same day. 


Let us help you; consult us on your next connector need. 


PENN-UNION ELECTRIC CORP., Erie, Pa. 


Export Sales—Philips Export Co., 100 East 42nd St. New York 17, N.Y. 
Canadian Sales — Dominion Cutout Co., Ltd., Toronto 
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A new fast-acting multistage electric 
heating relay from Honeywell 


Switches up to a 25kw /oad in Skw steps 


m@ The new R8154 electric heating relay is smaller than = 
ye va Paes erie Serie Gries ne : NEW, EXCLUSIVE ELECTRIC HEAT 
ph prema Mtg Ne deg oneal ance ES TRAINING PROGRAM! Another Honeywell 
low voltage. Ideal for electric furnaces, duct heaters. first! Sal : 3 dyi 
U/L approved. irst! Sales and service meetings stu ying 
mw Extremely simple to understand (and _ service), con- a new wolstoy manual tS ae 
nections for 24 wire. Integral fan switch. we Heating: ASKYOUr pearest Honeywen 
office about the next session. 
@ Two relays in combination handle larger furnaces. 
(Step-starting each 5kw heater.) 


Honeywell 
Fiat iw Cotrel 


TYPE RS154A 
[Switches | imv 
NON-iNDUCTIVE 
FULL LOAD 

LOCxed Rs 


AmP. AMP. RATINGS | 
EE ES SJE. OaE-tAl 2? 
Be a 8 
ms 
USE N.E.C Re ey 


MINNEAPOLIS: “HONEYWELL seer co. 
MADE IN USA, MPLS. 120S43 


ee aes a ll a a at tl 


See your wholesaler, call your ES sales office or write Honeywell, Dept. EC5-114, Minneapatieh 8, Minnesote 
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We did a fair job in Seattle 


(come see it) 


You have to watch costs even on an $80 million job. That’s why 15 major contractors 
of the Seattle World’s Fair standardized on Ramset Powder Actuated tools and fasteners. 

The 600-foot Space Needle that’s the official symbol of the Fair is a Ramset job. The 
superintendent of the electrical contractor for it estimates a 50% saving on every fasten- 
ing, using Ramset instead of drills and tapping and machine screws. 

So many other contractors reported similar savings that Ramset is the official mainte- 
nance tool for the entire Fair, too. Two Duo-Jobmaster® fastening tools are always on hand 
for fast, low-cost repairs whenever they’re needed. So you might say we started out doing 
a Fair job and we’re going to keep right on doing it. 

And you know, if Ramset can save money on an $80 million job, it can save you money, 


too. Money you can use to come see the Fair. RarnSeFl vvroccuseriswrevexx orrsion Clin 


285-E Winchester Avenue, New Haven 4, Conn 
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WAGNER? POLYPHASE RES!“lEn7 jOUNTEp moToR 


(Ratings Through 10 HP) 


When you need polyphase motor drives that are quiet in operation . . . in 
hospitals, schools, churches, office buildings, radio or TV stations and simi- 
lar locations . . . specify Wagner® Resilient Mounted Polyphase Motors. - 


These smooth running standard motors are cushioned in cradle bases by 
neoprene mountings, bonded to steel rings. This construction absorbs 
the small running vibration that remains in the most carefully dynami- 
cally balanced motor. 


Apply them to fans, blowers, centrifugal pumps, compressors, and com- 
mercial refrigeration and air conditioning equipment. You'll get ultra- 
quiet operation. Only Wagner can provide an entire range of ratings 
through 10 horsepower—and Wagner is a name you can depend on for 
quality motors. 


Your nearby Wagner Sales Engineer can help you select the right motor 
for your application. There are Wagner branch offices in 32 principal cities. 


SLEEVE OR BALL BEARING. These motors are furnished with quiet running steel- 
backed babbitt-lined sleeve bearings of high load carrying capacity. Ball bearings 
can be supplied when desired. 


NEOPRENE CUSHIONING RING. Annular mountings, of oil-resistant neoprene, 
bonded to steel rings, cushion the motor in its cradle base to provide ultra-quiet 
operation. 


CEILING, SIDEWALL OR 
HORIZONTAL MOUNTING 


You can mount these motors 
on walls or ceilings by rotating 
the cradle base 90° or 180° 
Motor stays dripproof, 


Wagner Electric Corporation 


i 6413 PLYMOUTH AVENUE, ST. LOUIS 33, MO., U.S.A. 


Manufacturers of LOCKHEED* Products 
wet 
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“INTERLOCKED 
ARMOR ee 
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© Westinghouse - 


HUTT 


Ampgard° 2500 


lsolating switch 
stabs 


Line 
connections 


Movable & 
stationary contacts 


ee transformers 


Most Advanced Design 


A new design concept in starters to Component-to-component connec- 
match all of your 2300-volt motors. tions reduce current-carrying junc- 


32 


tions 50%, eliminate internal bus 
and cable, and reduce heating. 


Lowest Initial Cost 


Saves as much as 20% over old-type 
conventional higher voltage starters. 
Lowest cost 2500-volt motor-starter 
on the market to own and operate. 


Y 


a 
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Safest to Operate 


Complete system of six interlocks, 
nine other safety features protect 
your personnel and equipment. 


Quickest to Install 
and Maintain 


Comes completely assembled. Easy 
two-man installation. All major 
components are modular-drawouts, 
front-accessible for quick inspection. 
Overhaul requires only 45 minutes. 


Most Compact 


One, two or three units can be 
stacked in a single 90” high enclo- 
sure for compact floor mounting. 
Arranged this way, they occupy 
only 5.4 square feet of floor space 
...much less than other starters. With 
low voltage starters added, they form 
a centralized motor control center. 


See the Ampgard 2500. Your Wes- 
tinghouse sales engineer has all the 
facts and will gladly give you a com- 
plete product feature demonstra- 
tion. Or write Westinghouse Elec- 
tric Corporation, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. You 
can be sure... uf it’s Westinghouse. 


J-25016 


Westinghouse 
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Provides 4" 

ex, i 

leable eon PO ey contr 
Proof heag seale, 


diameters. Ze for conduit __ 


Patented 


1 Cont, . 
from Normal; 3 as Traction, 


In the long run, no line of 
conduit is more dependable 
than its components. When 
it comes to dependability in 
expansion fittings, look to 
O. Z. as the line that meas- 
ures up! Five basic types 
provide the dependable answer to your 
fitting problems in conduit expansion, 
contraction, and deflection. O. Z. is the 
dependable line because it’s the line with 
the right size, the right type, for every 
requirement! Types AX, DX, EX and 
EXE available in aluminum at no extra 
cost. 


e CAST IRON BOXES 

* CABLE TERMINATORS 

* POWER CONNECTORS 

* SOLDERLESS CONNECTORS 
« GROUNDING DEVICES 


ELECTRICAL MANUFACTURING CO., INC. 
e CONDUIT FITTINGS 
262 BOND STREET + BROOKLYN 17, N. Y. * Camcrnrman > 


Sales Office and Warehouse: 406 So. Cicero Avenue, Chicago 44, Ill. © ESterbrook 9-0326 En 
Office and Warehouse: 665 So. Van Ness Ave., San Francisco 2, Calif. @ MA 1-4075 “Geme? 
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WY The ADVANCE TRANSFORMER CO. ILI (in-warranty Labor Insur- 
PoE Be, ance) Program is designed to reimburse the Electrical Contractor for 
A normal labor costs incurred in replacing ADVANCE !n-warranty 
High Power Factor Fluorescent Lamp Ballasts. 


ILI permits the Contractor to guarantee both labor and ballasts in 
fluorescent lighting installations. It gives fast and more efficient serv- 
ice for lighting equipment manufacturers’ products if an ADVANCE 
Ballast becomes inoperative within the two-year warranty period. 


The results of a recently conducted survey among NECA contractors 
‘were taken into consideration in the development of this program. 
The NECA members were sent a letter and questionnaire to deter- 
mine an equitable cost for changing out inoperative Fluorescent 
Lamp Ballasts. The answers received varied, however, ADVANCE 
TRANSFORMER CO. took these variables into consideration to arrive 
at an average amount to be paid the contractor for changing out 
each in-warranty ADVANCE Fluorescent Lamp Ballast. 


Sipe Ambien s Ses Ora © bs tel ea 


Remember, LI is an exclusive program of ADVANCE TRANSFORMER 
CO. who brought the lighting industry Kool Koil Fluorescent Lamp 
Ballasts, ADVAN-guard; Thermally: Protected: Fluorescent Lamp Bal- 
lasts, Visa-Volt Color Coding, a Nation-Wide Service-Stocking Dis- 
tributor Program and other important developments to meet the 
& industry's changing needs. 


Write today for complete literature on this ADVANCE In-warranty Labor 
Insurance I].]- Program, another revolutionary benefit from the World's 


BA, -& <> Largest Exclusive Manufacturer of Fluorescent Lamp Ballasts. 
A g p 


The Heart of the Lighting Industry,” 


¥ y 4 
: y ; 
Z fen 


; Do you know which 


e eo e e , es se - 
Insulating : Terminating - Sealing - $plicing 
and jacketing spacer-type . polyethylene or rubber * service entrance connections + polyethylene or rubber 

aerial cables? A insulated power cables? * and telephone drop wire splices? ia insulated power cables? 


SELF-BONDING ELECTRICAL TAPE 


Because Bishop BI-SEAL Type 2A is chemically cross-linked and polyethylene 
based, it is compatible with both rubber and polyethylene wire and cable 
insulation. In addition, its unique self-bonding action, toughness and 
unmatched resistance to aging has established it as the standard multi- 
purpose electrical insulating tape. Check the outstanding properties of 
BI-SEAL. Write today for engineering data. 


\ 
i 
a 
i 


Send for our fully-illustrated catalog. It includes a brochure: describing the.new Bi-Cast 
epoxy-wrap method for simplified splicing,. terminating and repairing of paper-lead cable. 


Manufacturing Corporation Cedar Grove, Essex County, 
Sales representatives located throughout the world 


COMPRESSION TOOL COURTESY THOMAS & BETTS CO., INC. 


His 36 


LS > Ea <) » 


Only BI-SEAL does all four! 


Superior corona and ozone 
resistance 

Excellent moisture, corrosion 
and chemical resistance 

High dielectric strength, 

low power factor 

Exceptional temperature, aging, 
weathering characteristics 

Long storage life 


The four basic frame sizes of General Electric molded case 
circuit breakers cover every need from 15 to 1000 amperes. 


Not five or more frames, not a variety of sizes up to 22 
inches (G.E.’s maximum is 15¥4 inches). Just four sizes that 
make your job of circuit breaker selection easy and simple. 


This is the line-up: 

E 100 line — 15 to 100 amperes, 240 and 480 and 600 volts 
F 225 line — 70 to 225 amperes, 240, 480 and 600 volts 

J 400 line — 125 to 400 amperes, 240, 480 and 600 volts 

K 1000 line — 125 to 1000 amperes, 240, 480 and 600 volts 


There are no special sizes for special applications either. 
Hi-Break* models (Up to 75,000 ampere interrupting rating) 


NOT EIGHT... 
NOT FIVE... 


and Vu-Break* models (visible contacts) have same frame 
dimensions. 


New F 225 and J 400 lines feature ambient compensation 
to 50°C without complex derating...plus adjustable magnetic 
trip with +10 percent tolerance at any setting. A full selection 
of accessories, too. 


Easy to select, versatile, compact — all good reasons to 
standardize on General Electric circuit breakers. Write for 
bulletin GEA 7410. Circuit Protective Devices Department, 
Plainville, Connecticut. * Trade Mark 


GENERAL @@) ELECTRIC 


Ask the man who owns 
an Onan why he 
didn't buy a cheap 
electric plant 


The chances are the man who owns an Onan has tried a cheaper Plant. 
Most of our best customers have compared competitive brands. 

There are several reasons why these users standardize on Onan. 

They may have found that the “‘cheap” electric Plant actually 
costs as much as an Onan. Maybe more. They might have bought 
a stripped down Plant with an attractive ‘“‘list.”” And then dis- 
covered that ‘price adders” for such essentials as oil pressure and 
water temperature gauges, radio suppression—even mufflers! — 
brought the actual price of a ready-for-work ‘“‘bargain’’ above 
Onan’s fully-equipped cost. 

Or, the user who tried another make and then standardized on 
Onan might have kept downtime and maintenance records, and 
figured his costs on original expense plus upkeep over a year’s 
time. Standard Onan features such as Stellite valves gives up to 
three times the valve life. Onan’s new J-Line, with Overhead Valve 
design, operate twice as long as L-head engines without lead deposits 
build-up. Give up to 15% more power and cut fuel consumption 
10%, too. 

Dependability might have made the difference. Onan units are 


_ built-up to performance, never down to a price. Every Onan Plant 
is run-in and tested under full load for several hours. Other manu- 


facturers spot check—for minutes. 

There are lots of other good reasons why Onan is the World’s 
Leader. Factory trained franchised distributors, local parts and 
service, one-source responsibility . . . 

When you’re in the market for an Electric Plant, why don’t you 
talk to a man who owns an Onan? He’s the most objective person 
you can talk to. . . He’s one of our best advertisements! 


ONAN Division, Studebaker-Packard Corp. 
2570 University Ave. S.E., Minneapolis, Minn. 


Onan’s bigger, stronger crankshaft, compared 
to typical competitive part, typifies the extra 
ruggedness Onan builds into all Electric Plants. 


Onan’s exclusive Magneciter generator is static 
excited to eliminate rotating exciter and me- 
chanical regulator. Moving parts are eliminated 
in both exciter and regulator. Voltage recovery is 
five times faster than brushless type generators. 


CEE ; eee 
WN Fir ais ROYER 


PERFORMANCE 
CERTIFIED 


We certify that when properly installed 
and operated this Onan electric plant 
will deliver the full power and the volt- 
age and frequency regulation promised 
by its nameplate and published speci- 
fications. This plant has undergone 
several hours of running-in and testing 
under realistic load conditions, in ac- 
cordance with procedures certified by 
an independent testing laboratory. 
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WHO uses 


Champion Lamps? 


Champion Lamps provide high-level illumination in Raytheon’s Wayland, Mass., 
laboratory drafting room (top); Spencer Laboratory at Burlington, Mass., (center); 
and Wayland machine shop. 


RAYTHEON 


uses Champion Lamps 


You can judge the quality of Champion Lamps by the 
calibre of the companies that buy them. 

Raytheon, for instance. f 

One way that Raytheon maintains its own world-wide 
reputation for excellence is by demanding a high degree 
of excellence in the equipment it purchases for plant opera- 
tions. If Champion Lamps didn’t meet severe quality 
standards, thousands of them would not be illuminating 
Raytheon’s plants and laboratories. 


Specialists in Industrial Lighting Since 1900 


- CHAMPION LAMPS 


Lynnway, Lynn, Mass. Lynn 3-2000 


ALLIS-CHALMERS & 


416 kv rretal-clad ‘equipment serving 
west coast city. 


5. Glass polyester insulation 
throughout. 


6. Separate 'up-feed and down-feed 
cable compartments. 


"Fully cast, trunnion-m 
potential transformers. 


Lowest height, easiest access 


the only switchgear with fully isolated current transformers 


The front-accessible current transformers can be in- 
spected, maintained or replaced without exposure to 
any high voltage compartment. A-C metal-clad units 
are just 72 inches high — means eye-level instrumen- 
tation . . . shoulder-height accessibility of component 
parts. And the entire panel can be used for meters and 
relays. Maximum compartmentation and dead-front 
construction offer greater safety. Buswork and compo- 
nents arranged for easy addition of future units. 


You get rapid, one-stroke insertion of the circuit 
breaker. The breaker has glass polyester insulation for 
highest impulse strength... the only self-locking pro- 
tective barrier... four-bar linkage is mechanically, 
electrically trip-free. Primary disconnect fingers elimi- 
nate use of garter springs, and are on the circuit breaker 
for easy inspection. Both stored energy and solenoid 
operators are available. For more switchgear informa- 
tion contact your nearby Allis-Chalmers office. 4-1457 
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How to select a Remote Control Switch — 


Electrical engineers are increasingly 
incorporating Remote Control Switches 
into their wiring layouts and circuits. 
Remotes today are used not only for 
the instantaneous control of emergency 
equipment, where they are a must, but 
for safety, economy and convenience 
wherever light or power is being dis- 
tributed over a wide area. 


Selection of Type 


The selection of the right remote for 
a particular application must be given 
some study, but basically there are only 
two factors which affect the selection 
of type: (1) the class of load: non- 
inductive, such as heaters and lighting; 
or inductive, such as motors; (2) the 
voltages of the systems used. 


Mixed Loads 


Where there are mixed loads, non- 
inductive load rating must not be less 
than the combined full-load currents 
nor less than 6674 % of the maximum 
current to be interrupted. 

Any connected motors should be 
evaluated on the basis of stalled rotor 
current, using the multiplier of six times 
motor current if the actual value is not 
known. These currents added to the 
non-inductive load current will estab- 
lish the maximum current which the 
switch will have to interrupt. In speci- 
fying the switch capacity, give class of 
the load and the amount of the load 
which is to be controlled. 


Why Mechanicaliy Held 


Another important selection-factor 
is that the remote control switch be 
mechanically held. Because it is essen- 
tially a feeder disconnect, the remote 
must be unaffected by line voltage con- 
ditions and respond only to control of 
the push buttons. ASCO mechanically 
held remotes insure against outages on 


vital circuits caused by momentary line 


voltage dips. 
A detailed report on the advantages 
of ASCO remote control switches can 


be obtained by writing for new catalog 


57-S2. 


m™ ASCO. 


A selection of basic 


Remote Control Switches by ASCO 


For Economy and Rugged Construction 


Use the Bulletin 920 — Up to 3 Poles, 
Single Throw, 30-75 Amps D-C, 30-200 
Amps A-C. U.L. Approved to 600V 
A-C, 250V D-C. Recommended for all 
loads within its capacity range. 


For Small Panelboards... 


Use the Bulletin 909 — Up to 5 
Poles, Single Throw, 3 Poles, 
Double Throw, 30 Amps, 250 
volts, A-C or D-C. 


For Multiple Pole Requirements... 


Use the Bulletin 915—Up to 24 Poles, 
Single or Double Throw, 30, 60 and 
100 Amps, A-C. 


FRontier 7-4600 
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For Load Require- 
ments Exceeding 
Capacity of the 
Bulletin 920... 


Use the Bulletin 
910—Up to 4 Poles, 
Single Throw, 30- 
400 Amps, 250 
volts, A-C. 


For High Capacity, 
Highly Inductive 
Loads... 


Use the Bulletin 
911—Up to4 Poles, 
Single Throw, 30- 
1000 Amps, 600 
volts, A-C, 250 
volts, D-C. 


Automatic Switch Co. 


50) Hanover Road, Florham Park, New Jersey 


e FORTHE 


GELECTRICAL” CONTRACTOR 


NATIONAL PRICE SERVICE. Dept. AQ-25 
4525 WEST 160 STREET CLEVELAND 35, OHIO 


GENTLEMEN: 
SEND FULL STORY ABOUT QUICK QUOTE, PDQ. 


Name 


Title 


Company 
Address 
City 


Zone____ State 
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NOW...200-AMPERE CAPACITY 
N ABOUT 50% 
LESS SPACE 


Shown here, actual size, is Heinemann’s SE-33 
circuit breaker. It’s about half the size of any 
other breaker that can be used for 200-amp 
service. e In a panelboard, it saves several 
inches. In its own enclosure (indoor or out- 
door), it’s more compact than equivalent fused 
safety switches or service-entrance pullouts. 
The SE-33 is the only 200-amp breaker built 


on a 200-amp frame (others use a 225-amp 


ate Mel 
1S MAX 


frame). This makes it smaller. And less ex- 
pensive. It’s also easy to install. Its terminals 
accept copper or aluminum conductors in the 
range of #6—#250, CM CU/AL. It has pres- 
Sure-type solderless connectors. « The SE-33 is 
a two-pole breaker, available in ratings of 125, 
150, 175, and 200 amperes, 120/240 V, AC. 
It always carries full-rated current because it’s 
magnetically actuated. It never has to be de- 
: rated for high am- 
bient temperatures. 
All the details are 
‘in Bulletin 1003. 
We'll be glad to send 
you a copy. 


ao ELECTRIC COMPANY <@> 132 BRUNSWICK PIKE, TRENTON 2, N. n 
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Surface Systems Proved 
Best for School Rewiring 


Raceways and multi-outlet systems provide 
rapid installation, economy and flexibility 


Traditionally, as soon as school’s 
out, the contractors are in— to 
‘modernize and refurbish the plant 
‘In preparation for next year. 

__ More and more, modernization of 
\the electrical system is an important 
part of the school’s program. This is 
| necessitated by the tremendous in- 
crease in electrical usage required by 
today’s teaching techniques. 

With the current emphasis on 
“science, more laboratories are 
| needed, and much of the laboratory 
| equipment requires electricity. To 


speed the teaching of languages, 
many schools are installing elec- 
tronic teaching aids. And audio- 
visual aids are commonplace at all 
levels. 

Most school rewiring jobs fall into 
two major categories: to provide 
more and better lighting, and to 
provide additional power. 

In addition to the use of surface 
raceway systems for general lighting 
installations, these systems are rec- 
ognized as an effective method of 
installing emergency lighting sys- 


continued on third page 


receptacles make it easier for student to 
use modern instruments. 


SCHOOL laboratories require a good deal 


of electric power. Conveniently located 


Advertisement 


PREPARED EACH MONTH FOR ELECTRICAL CONSTRUCTION AND MAINTENANCE 
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Code Comments 
Raceway Mounting Clips 


Q. Do I have to use a mounting 
clip every five feet in a raceway? 
Can I let the boxes hold it if I have 
a box every six or seven feet? 


A. In general the Code requires that 
electrical equipment shall be in- 
stalled in a neat and workmanlike 
manner and securely fastened in 
place. The outlet boxes usually pro- 
vide sufficient anchorage for medium 
length runs of raceway. On longer 
lengths, clips, couplings, or straps 
should be used. See Article 110-11, 
300-11, and 352-2. 


Residential Outlets 


Q. How many outlets can I put on 
a residential circuit? 


A. In residential installations the 
number of outlets on a circuit is not 
limited but it’s always good practice 
to separate circuits so that the blow- 
ing of one fuse will not put an en- 
tire area out of commission. Where 
possible, it is desirable to have at 
least two circuits in each room, al- 
though this is not required specific- 
ally by the Code. 


Permissible Load 


Q@. What is the permissible load for 
a branch circuit having two or more 
outlets? 


A. In general a branch circuit is 
limited by the size of the fuse per- 
mitted. The fuse is limited by the 
size of the wire permitted. Beyond 
this, no one portable appliance shall 
exceed 80% of the branch circuit 
rating and a total rating of fixed ap- 
pliances shall not exceed 50%. See 
Section 210-24 of the Code. 


WirREMoOLD’ 
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Editorial 


The contractor and schools 


The contractor — like all Americans 
-—has a vital stake in the school 
system of this country. 

With the school modernization 
program just ahead, the electrician 
should remember that in bidding 
and servicing a school job he owes 
it to the community to see to it that 
the school gets the best dollar value 
—ain terms of both material and 
labor. 

Another thing about school jobs: 
because of the traffic in and out of 
the building, school work can be a 
showcase for the contractor. A neat, 
workmanlike job enhances his repu- 
tation; sloppy installations mark 
him down. 

And surface systems provide a 
good way for the contractor to put 
his best foot forward. 


Product of the Mont! 


GB series provide continuous equipment grour 


For use with the Plugmold 2000 and 
2200 series, respectively, the 20GB 
and 22GB. Snapicoil® provides a 
continuous equipment grounding 
copper conductor throughout. 

This 3-wire grounding system pro- 


2000 PLUGMOLD~__— < 


vides an effective low resistan 
path for stray or faulty currents. 
a necessary requirement for delica 
electronic testing benches. For ; 
normal grounding, the 20G and 2% 
series are fully adequate. 


=< 


Fi 


Quiz Corner 


Questions for this department are 


taken from inquiries received from. 


the field. Your questions are wel- 
come; indeed, they .are necessary if 
this department is to serve you 
with worthwhile information. Ad- 
dress: 

Quiz Corner 

The Wiremold Company 

Hartford 10, Conn. 


Q. Is 2000 Plugmold available 
with a duplex grounding receptacle? 


A. No. We suggest using the 
single grounding receptacles more 
closely spaced. For example, where 
duplex receptacles on 60” centers 
are desired, use grounding recep- 
tacles on 30” centers. Plugmold 2000 
is now available with single ground- 
ing receptacles on 6”, 9”, 12”, 18”, 
30”, and 60” centers. 


Q. When suspending 2100 and 
3000 Wiremold from ceiling to feed 


WiREMOLD*® 


and support lighting fixtures, how 
close should the hangers be spaced? 


A e Every five feet. 


Q. In extending from an exist- 
ing flush receptacle to Wiremold 
500, I need a box deeper than the 
5751. Is one available? 


ran Yes. Use the covers of any 
of the boxes listed as 574— in com- 
bination with the 5751 base. 


Q. May Wiremold be concealed? 


A. No, except that Plugmold 
multi-outlet systems may be plas- 


tered in or concealed on three sic 
only. 


Q. Is the W-30 wire connect 
listed by Underwriters’ Laborai 
ries? 


> 


A. Yes, for use with either h 
12 or No. 14 solid conductors. 


| 

| WIREMOLD M@ HARTFORD 10, CONN. 
: Gentlemen: Please send free the checked items 
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L) Electric Ideas, April 1962 
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Electric Ideas, March 1962 


(1) Wiring Guide (Catalog 22) 
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SEWING rooms are more efficient when 
nutlets are located close to point of use. 


Plugmold also eliminates the hazard of 
dangling, unsightly wires. 


stains 


3RICK walls posed no problems in adapting 
his area to a high school electrical shop. 


Plugmold 2100 was used for its capacity 
and to meet special requirements. 


: 
x 


THREE sizes of Wiremold raceway were 
sed to wire this modern southern school 


Advertisement 


for lighting. Partitions replace walls for 
flexibility of room arrangement. 


tems which are becoming mandatory 
in many communities. Other uses 
include the wiring of clock and pro- 
gram systems and the installation of 
various types of fire alarm systems. 

Because school boards are faced 
with the need to install new equip- 
ment and modernize existing schools 
with a minimum of cost, surface 
metal raceways and multi-outlet sys- 
tems have gained increasing favor. 
These surface-mounted systems 
speed up installation (time always 
seems too short in school moderni- 
zation jobs) and significantly reduce 
the need for redecoration caused by 
breaking into walls. 

To the school board, this means 
that an installation which provides 
flexibility for the future —as well 
as adequacy for today —can be 
made rapidly and economically. 

To the contractor, it means a way 
to satisfy the school board’s require- 
ments, while it provides an oppor- 
tunity to make a fair profit. 

Engineers for a large Eastern 
university decided to standardize 
on Plugmold 3000 all through the 
structure. By using a single type 
of multi-outlet system, they reduced 
inventory, provided a _ capacity 
equal to any combination of elec- 
trical services that might be re- 
quired, and assured themselves of 
flexibility for future needs. 

Again, when a high school wanted 
to convert storage space to class- 
rooms, surface metal raceways were 
selected to carry conductors for both 
power and lighting. 

Wiremold 500 and 700 were 
chosen for the complete rewiring 
of a five-building complex that 
formed a junior high school. En- 
gineers and contractors agreed that 
it would be hazardous to attempt 
in-wall wiring in the _ structures 
which averaged about 40 years of 
age. Instead, the old conductors 
were disconnected and left in the 
walls and a completely new distri- 
bution system installed. 

Surface systems are also gaining 
increased popularity in new building 
where the use of solid construction 
techniques make it the only practi- 
cal method of wiring. 


WiREMOLD~ 


Noteworthy 


Personnel at Meetings 


Between May 10 (when this issue 
appears) and June 10 (when the 
next one is due) our field and 
home office forces have no show 
commitments. 

This doesn’t mean they won’t be 
out and around, though. Part of the 
Wiremold policy sends our people 
around the country, addressing 
various groups. 

So, if your local group feels that 
a discussion by one of our men 
would be helpful, just ask your 
Wiremold representative. If he can’t 
make it, he’ll try to have an alter- 
nate on tap. 

And while we’re on the subject, 
if you’re in the Hartford area, drop 
in — the welcome mat is always out 
to our friends. 


Practical Tip: 


Conventional snaking techniques used for Wiremo! 


The techniques for wiring Wiremold 
one-piece raceway have been uti- 
lized by electrical contractors for 
many years. Wire is pulled or 
snaked through the raceway in the 
same manner as with conduit — 
without the inherent disadvantages 
of pipe cutting and threading. 

This method eliminates the dif- 
ficulty of holding conductors in 
place while the wire clips are lo- 
cated and snapped into position. 
Also, there is no danger of the 
weight of the wires pulling the clips 
or cover loose. In compliance with 
NEC recommendations, the entire 
raceway system is installed prior 
to wiring. 

The one-piece raceway provides a 
virtually tamper-proof assembly 


that can be used as a complete sy 
tem from panel box to outlet, or 
modify an existing system. 

Because of its design, the on 
piece raceway hugs the surfac 
However, when necessary, cover ar 
base together are easily bent to co! 
form to surface contours. 


PROBLEM: 


To provide an electrical system 
which would adapt to a line of 
benches ranging from 6 to 18 feet, 
with overload protection for the 
power outlets on each bench, while 
permitting ease of rearrangement. 


SOLUTION: 


Strips of Wiremold 3000 were made 
up in three lengths and two types: a 
feeder and an extension strip. 


Engineered Specials 
Special Wiremold 3000 power strip for benche 


DISCUSSION: 


After investigation, Wiremold en- 
gineers, in cooperation with cus- 
tomer engineers, selected Wiremold 
3000 because of its ability to meet 
all the requirements at reasonable 
cost. 

The feeder strips in the required 
lengths were designed as a 3-phase, 
4-wire branch with a grounding con- 
ductor as a means for maintaining 
continuity of ground through the 
flexible non-metal cable. 


The system was designed so thi 
one or more extension strips coul 
be connected to the feeder strij 
for wiring a line of benches. TI 
quick-disconnect, 5-prong plug ca 
provided the means for bench r 
arrangement. 


For maximum safety, circuit pr 
tection was provided at each benc 
by equipping each feeder strip wit 
three single-pole circuit breake 
mounted in the 3000 base and usin 
a special 3046KD cover. 


WiIREMOLD” 


HARTFORD 10, CONNECTICUT 


In Canada: Conduits National Co., Ltd. 
Toronto 2, Ontario 


All WIREMOLD products Gre sold 


through electrical distributors — your 


best source for all electrical products. 
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ROME DELIVERS FAST Whether with two 


conductors or 37 conductors—or any number in 
between—these standard Rome control cables 
are often delivered right off the shelf. They’re 
Rome CT cables: smaller, lighter, more flexible 
than rubber types, ideal for most control cable 
jobs. ™ Available quickly in No. 10 or No. 12 
AWG, Type CT-B (AC or DC to 600 V) and Type 
CT-C (AC or DC to 1000 V) cables are insulated 
with polyethylene and jacketed with Synthinol*, 
assuring high dielectric strength and resistance 
to moisture, acids, alkalis, oils, heat, flame and 
mechanical abuse. You can install them in open 
air, ducts, conduit, tray or trough...or even 
bury them directly in the earth. Both types com- 
ply with the requirements of IPCEA-NEMA stand- 
ards. ® A 4-page booklet will give you all the 
facts: just write to Rome Cable Division of 
Alcoa, Dept. 7-52, Rome, New York. 


*Registered trade mark for Rome’s specially-formulated polyvinyl 
\ chloride. 


. ALCOA 
ROME CABLE 


| 
| 


Two of Rome's standard control cables: two-conduc- 
tor and seven-conductor #12 AWG 600-Voit Type CT-B. 
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NASA 


Lewis Research Center 
Cleveland, Ohio 


VENTRAY. 


Low Material Cost—thru engineering know-how and modern advanced manufacturing techniques. 
Low Installation Cost — made possible thru lightweight steel design and rapid QiKLoK™ splice. 
Interchangeable—used with VENTRIB™ cable basket for maximum system flexibility. 


Lake Erie Electric, contractor on the NASA job, is completely satisfied with the new low-cost, lad- 
der type VENTRAY™., The VENTRAY and VENTRIB in-stock parts made difficult changes of direction and 
elevation (shown above) and the entire installation a’ simple assembly operation. TT 


Mr. Wm. M. Leblang, Vice President of Lake Erie Electric, Inc., Cleveland, Ohio— 
says: ‘‘We were pleased with ease of installation due to your lightweight steel 


design. Your competitive price, accurate take-off, installation drawings and 


prompt order service all contributed to an efficient labor saving installation. 
See your local representative or electrical distributor or write Husky Products, Inc. 


HUSKY... OF BURNDY 5300 VINE ST., CINCINNATI 17, OHIO 
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THIS RECORDING TAPE | 
TROUBLESHOOTS FOR 
YOU 24 HOURS A DAY 


ae: 
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the trouble with troubleshooting is that the electrical conditions which caused the difficulty often no longer exist when you get there. 
This usually develops into numerous, costly call-backs. But now, with the new, miniature Amprobe Recorder, you can ebtain a contin- 
\ lous, permanent record of variations in voltage or current, as they happen, without the need for you to be present. The record is made 
automatically on a pressure-sensitive paper tape (no ink to spill or smudge) that loads easier than film into a camera. Without this 

art in place, you can take direct meter readings. « The Recorder is rugged, completely portable and highly accurate. The expanded- 

le voltmeter version, for example, records in two frequently used ranges (95-130 v AC and 190-260 v AC) to a tolerance of +1 v. It 
Sells for $84.85. Two clamp-on ammeters also are available: at $89.95,@ (ranges: 0/5/25/100/250 amps AC) and $94.85 (ranges: 0/10/ 


90/250/500 amps AC). For complete details and specifications, INSTRUMENT CORPORATION 
see your Amprobe distributor or write today for a free catalog... AMPROB j, 630 MERRICK ROAD, LYNBROOK, NEW YORK 


IN CANADA: ATLAS RADIO CORP., 50 WINGOLD AVE.. TORONTO 
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Architect: Maurice Fletcher, Philadelphia : 
General Contractor: McClosky and Company, Philadelphia 
Electrical Contractor: Harry F. Ortlip Company, Philadelphia 
SPANG Se WESCO, Philadelphia 


Top-quality 
wiring 
protection 
by SPANG 
CONDUIT 


This is the framework of Bell 
Telephone Company of Penn- 
sylvania’s new 20-story head- 
quarters building in Philadel- 
phia. And threading throughout 
this framework is a network 
of Armco’s SpANG Hot-dipped 
Galvanized Steel Conduit, 
SPANGLEAM EMT and SPANG 
Rigid Aluminum Conduit to 
provide top-quality wiring pro- 
tection. 

In this $15,500,000 building 
project, SPANG conduit will 
carry wiring for lighting, fire 
alarms, control circuits and 
general power needs. Rigid 
conduit is used on vertical 
runs, while electrical metallic 
tubing is suspended above the 
finished ceilings. 

Spanc Conduit and sPAN- 
Gieam EMT, made by Armco, 
lived up to their fine reputa- 
tions on this job: fast, on-time 
deliveries—easy cutting, bend- 
ing and threading—trouble- 
‘free installation—good appear- 
ance in exposed locations. 

If you’re looking for a top- 
quality, uniform conduit for 
your next job, make it SPANc! 
And the best man to call for 
service is your nearby SPANG 
Distributor. For complete in- 
formation, write Armco Steel 
Corporation, Armco Division, 

Middletown, Ohio. 


a’s new headquarters building in Philadelphia, to be known as Numbe 


Bell Telephone Company of Pennsylvani 
62, SPANG Conduit and EMT will protect wiring throughout the structur 


One Parkway, will be completed late in 19 


$ ? Eee 
ARMCO § Armco Division 
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USE THE RS-3 AS A VOLTMETER to determine 


low or high-voltage conditions and to make all 
other commercial voltage tests. The rotary scale 
has 3 voltage ranges: 0-150/300/600 volts AC, 
and shows them only one at a time to eliminate 
chance of reading errors. Test leads supplied. 


= 


USE THE RS-3 AS AN AMMETER to balance 
circuits, set relays, take load surveys. The 
pointer lock lets you take accurate readings on 
the 5 current scales (0-5/15/40/ 100/300 
amps AC), even when the conductor 
you’re snapping around is hard to see. 


USE THE RS-3 AS AN OHMMETER (attachment 
furnished) to check for continuity, opens and 
shorts, on a scale that reads 25 ohms mid- 
range. Only $52.50, At distributors everywhere. 


ZS. AMPROBEW 020". 
| Se, LYNBROOK, NEW YORK 


IN CANADA: ATLAS RADIO.CORP., 50 WINGOLD AVE., TORONTO 
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ADVERTISEMENT 


Westinghouse does a | 
Texas-size electrical job . 
at Sharpstown Center | 
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BUILDING D a ae 


EMERY'S 
RESTAURANT 


15 
1. Distribution Transformers * 14. Rain Tight Starters Se 30 
2. Bus Duct 15. Safety Switches 
3. Switchboard 16. Meters een 22 2: 
4. Motor Control Center 17. Distribution Panelboard z5 RRS 
5. Air Conditioning Starter 18. Roof Mounted Starters 3] b= <- 
6. Mainliner Luminaires 19. Super Hi Output Fluorescent fee Sh 
7. AB Circuit Breakers Valance Lighting 
8. Lighting Panelboards 20. Air Conditioning a AS aAS 
9. Corvaire Luminaires 21. Superliner Fixtures BUILDING E = 
10. OV-50 Parking Area Luminaires 22: Panelboards 
11. Mercury Vapor Lamps 23. Incandescent Downlighting 
12. Circuit Breakers 24. Lifeline Motors 
13. Dry Type Transformers 25. Motor Control 
J-94186-1 
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BUILDING B 


AMBASSADOR 
SHOE REPAIR 


IDLEWOOD 
PET CHATEAU 


SHARPSTOWN™ 
CLEANERS 


SHARPSTOWN 
BARBER SHOP 


POST OFFICE 


110° 


CRAIG'S 


SHOES 


LEOPOLD, PRICE 
& ROLLE 


CORRIGAN 

JEWELERS 
MARGOLIS 

SHOES 


FLORSHEIM 


nN 


FOLEY'S 


MATERNITY. 


WEE MODERN 
: SHOP 


NIX 


SERVICE COURT 
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; 
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BUILDING A 


12 
TwCKER % 
a 17 
ELEVATOR aed 
LOBBY 
BANK & OFFICE BUILDING 


23 


BUILDING F 


1540 feet ——______________}y 


J-94186-2 
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General Contractor: John C. Burns Construction Co., Houston * Westinghouse Distributor; WESCO, Houston 


Westinghouse at Sharpstown Center con, 


Houston’s new 750,000 sq. ft. Sharpstown Center looks to Westinghouse 
equipment to help accommodate 2 million customers—an estimated $75,000,000 
market. Big, even for Texas, Sharpstown’s 77 acres include 2 million sq. ft. 
parking area for 6,000 cars. It’s on 261 overhead parking lights that the 
Westinghouse brand first meets and greets the shopping public. 

The major construction problem was coordination of mechanical and 
electrical system requirements to give all stores the best merchandising 
environment possible. Westinghouse engineers and WESCO representatives 


‘from the Houston distribution outlet worked closely with the developer, 


consultants and contractor to meet tight dates, sometimes with overnight 
deliveries. The grand opening was on schedule, just three days after Hurricane 
Carla, in September, 1961. 

Westinghouse, and its chain of distribution outlets, stands ready to help 
any shopping center project—be it a neighborhood strip or a $14 million 
Sharpstown. You get one-stop shopping, one source, one contact, 
one contract, one responsibility. Think about it ‘ 
for your next project. You can be sure ... if it’s Westi nghouse 


= ~ Souls ae “NS os we 
Owner: Sharpstown Realty, Houston * Architect: Sidney H. Morris, Chicago, III. * Associate Architect: Claude E. Hooton, Houston 
Consulting Engineers: Bullock, Wright, & Miller, Inc., Houston * Electrical Contractor: Wert Sharp Electric Co., Houston 


; 
Foreground: Two of 261 OV-5| 
liners, an invitation in light | 
car parking. Rugged OV-50) 
subjected to Hurricane Carla) 
after installation without a 
unit failure. } 


© 


es 
Roof-mounted Life-line starte 
circuit breakers in weather-pr 
closures control and protect t 
conditioning motors, My 


: 


sh trim of @) lighting panelboard 
nds with sales fixtures in Kresge’s 
iety Store. AB de-ion circuit break- 
give positive protection, conven- 
t operation. 


outdoor venti- 
uct carries full 
Iding load—installs fast to help 


wer supply by 
2d copper bus 


tt construction deadlines. 


VA 


Two 40-ton Westinghouse air condi- 
tioning compressor-condenser units 
keep Bond's Clothing Store cool and 
comfortable for customer comfort. 


Three-lamp Superliner fixtures are 
economical, yet versatile. Ideal light 
supply for applications such as this 
Food Giant Supermarket. 


Westinghouse Motor Control Center 


located in Battelstein’s conveniently 


groups starter and breakers. Control 


Centers offer flexibility through mod- 
ular and interchangeable units. 


luminaires 
bathe fashionable Casual Corner 
women's wear shop in 150 fc of dif- 


Mainliner fluorescent 


fused light—create quality atmos- 
phere vital to tenant. 


No annoying power hum for Flagg 
Shoe customers. Light weight DT-3 
dry type transformers have extremely 
low sound levels—can be mounted 
almost anywhere. 


Construction team takes a coffee- 
break at Walgreens; R.E. Jordan, V.P., 
Sharpstown Realty; Jacque McCros- 
key, @); W. C. Swain, WESCO; Wert 
Sharp, Electrical Contractor; Frank 
W. Sharp, Owner; Rex Bullock and 
George Wright, Consulting Engineers. 


sogincapraeesin cece 


— 
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eis available ~~. 
a 8 \ 
¢ immediately...from your * 
1 Wholesaler's inventory and 
. 


 Killar warehouse stocks J 


Killark distributors can usually deliver all electrical fittings and fixture requirements from 
inventory. If not, your needs from the more than 7,500 items in the Killark line can be 
obtained at once from a convenient Killark warehouse. There are eighteen of these depend- 
able supply sources located throughout the United States and Canada. 


a KILLARK XALB-6 EXPLOSION-PROOF 
PULLING ELBOW ...Copper-free aluminum 
casting, permanently rust-proof and corrosion re- 
sistant, non-magnetic and non-sparking. Split 
design provides easy access to wiring; ribbed for 
greater strength. Carried in stock for fast delivery, 
a typical example of Killark’s ability to supply 
all your needs—large and small—for both hazard- 
ous and non-hazardous installations. 


Write for the Killark catalogs. 


ELECTRIC MANUFACTURING COMPANY 


Vandeventer and Easton Ave. e« St. Louts 13, Missouri 


In Canada: Killark Electric of Canada, Ltd., 421 Islington Ave. South, Toronto 18, Ont. 6101 
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1. HALF THE WEIGHT of most other 
ducts; selective low voltage drop; easier in- 
stallation; easier maintenance... yet Uni- 
Bus costs no more! Family of six types for 
all industrial, commercial, laboratory and 
high rise building needs. Rated 100-4000 
amps., 600 volts. 


2. COMPLETE SAFETY, COMPLETE 
CONVENIENCE with Uni-Bus Plug-in 
devices which provide branch circuits at 
every 10 inches of Uni-Bus duct... or in 
stacks in the new Uni-Bus plug-in distri- 
bution centers. Patented interlocks make 
it impossible to touch a live part! 


UNI-BUS PLUG-IN DEVI , 
Use anywhere; completely 


3. PLUG-IN POWER for distribu 
motor control, and lighting panels is 
vided by new, flexible Uni-Bus Ph 
centers. Plug-in Trof design takes 
less space; provides groupings of 2 t 
locked plug-in outlets in 20 inch ° 
enclosures. 


E—i 


CONTROL 


A new approach to in-plant power 


Uni-Bus makes your entire 
distribution system a 
plug-in switchboard! 


Get /ow vo/tage drop, easy installation, the ultimate in flexibility, 
safety and power availability... yet you pay no more! 


HH, s an entirely new kind of distribution 
system that provides all you need in ac- 
cessible and flexible circuit protection right 
from the main disconnect to the ultimate use! 

It’s so safe you can’t touch a live part any- 
where in the system . . . so convenient you can 
plug in any place, any time.-: . so lightweight 
and easy to assemble you can cut installation 
and maintenance time drastically. 

That’s not all! Better design gives better 
electrical performance . . . low voltage drop; 
no derating regardless of mounting plane. 

Uni-Bus is so flexible you can revise it readi- 
ly even if your plant layout changes every 
year. No obsolescence . . . duct, plug-ins and 
fittings are 100% reuseable. 

Look at this list of Uni-Bus features. Don’t 
you see a better answer to your power distribu- 
tion problems? 


Standard Components—Uni-Bus is a com- 
plete system featuring interchangeable parts 
all the way. Uni-Bus requires less than 14 of 
the accessories of ordinary busway. 


No Specials—Off-the-shelf lengths mean you 
can tailor straight runs within 214”. Exclusive 


WHAT’S NEW? ASK... 


flexible connectors take care of special turns 
and offsets. 

Low Impedance—Ratings are increased 
through use of multiple bars scientifically 
spaced .. . specially insulated aluminum and 
copper bus bars are supported and air spaced 
by durable polyester glass insulators in venti- 
lated steel enclosures. 

Easy to work on—Complete safety not only 
protects life but also means worry-free, quicker 
work with less downtime for maintenance or 
alterations. 

A system that grows—Plug-in centers grow 
with your needs. Plug in another standard 
device ...or add another standard plug-in 
trof. No need to wait while somebody assem- 
bles and wires a new panelboard. 

Next time you build, remodel, or expand a 
plant get the busway system that gives you so 
much more. Choose Uni-Bus. . . the complete 
power distribution system with complete 
plug-in safety, convenience, and economy. 

See your Cutler-Hammer distributor or rep- 
resentative today! Or write direct for Publ. 
LU-23-J241 on Uni-Bus duct systems and 
plug-in distribution centers. 


CUTLER-HAMMER Bz. 


Cutler-Hammer, Ine., Milwaukee, Wisconsin « Divisions: AIL; Mullenbach ¢ Subsidiaries: Uni-Bus, Inc., 
Cutler-Hammer International, C.A. ¢ Associates: Cutler-Hammer, Canada, Ltd.; Cutler-Hammer, Mexicana, S.A. 
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New one-piece unbreakable steel frame makes Sylvania 
Rough Service Mercury Lamp the toughest, longest-last- 
ing, most vibration-proof mercury lamp ever built. Meet 
the new and undisputed champion! 


Look at that build! Until now mercury lamp frames were 
made of many metal pieces welded together. They burned 
with the ever-present danger of a weld breaking. Many 
premature failures are due to this one cause. 


But now Sylvania brings you a frame that is one solid struc- 
boven dl antana nf eal al- wintAn etal pie Cr ere er cecnr are 


“Im the toughest ever! 


WORLD’S TOUGHEST MERCURY LAMP G 


as a steel girder. Cannot bend. Cannot break. You ge 
full 12,000 hours of useful life you pay for. And whe 
arc tube was once suspended inside with many welded p’ 
this ingenious new frame actually clamps it in place. F 
on all four sides. Exactly in position to give the most 
from reflectors. Not even a missile blast can jar this arc 
loose or knock out the light from this lamp. 
The heat shield, too, is part of this one-piece frame. 
the double leaf spring supports are even reinforced to | 
doubly sure the frame stays exactly in place. With all 
ynsurnassed Svivania lumen output. Plus 


von still cet i 


EW UNBREAKABLE BACKBONE! 


i hard glass shell. Plus Sylvania’s convenient lifetime 
ing base. Plus Sylvania’s exclusive Certified Perform- 
olicy.* Sylvania Rough Service Mercury Lamps are 
y available in the 400-watt size. More on the way. 
1 at regular prices! 


*CERTIFIED PERFORMANCE POLICY GUARANTEES: “Sylvania Mer- 
cury Lamps may be returned to the supplier for full exchange if they 
fail in less than 1000 burning hours, and thereafter (up to 5000 hours) 
for pro-rata exchange, in accordance with a pro-rata exchange value 
table set forth clearly in the policy form.” 


ur Sylvania representative—or write us 
way! Lighting Division, Sylvania Elec- 
“oducts Inc., Dept. 15, 60 Boston 


Salem, Mass. In Canada: Sylvania SEE O/AR MO GENERAL 
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New EQ-225 AMP BREAKER 1 
2 POLE 120/240 VOLTS A-C 
125-225 AMPERES 


NEW 


EQ-225 AMP 
BREAKER 


SAME 


FAMOUS 1-T-E QUALITY 
ee eee 
Now available under the I-T-E label are the new 
EQ-225 circuit breaker, new EQ-Loadcenter with 
150A or 200A main breaker, and enclosed EQ-225 
breakers .. (NEMA Type 1, 1B and 3)..in ratings 
of 125, 150, 200 or 225 amperes. These new mod- 
ern, compact devices provide positive protection 
against overload or short circuit conditions. The 
EQ-225 employs Quick-make, Quick-break, Trip- 
free mechanism action with common trip (not 
companion trip). A fault to ground automatically 
opens both poles of the breaker! Overcurrent pro- available from distributor 
tection combines the time proven thermal mag- — gigek. Sizes are 150A main 
netic principle for positive protection against over- breaker with 20 to 30 branch 
load or fault conditions. For additional informa- pole spaces and 200A main 


tion, contact your nearest I-T-E District Office, or | breaker with 20 to 40 branch 
your local I-T-E Authorized Distributor. pole spaces. 


The new EQ Loadcenter, with 
an EQ-225 main breaker, is 


for the Contractor who is Proud of his work 


@ [ I-T-E CIRCUIT BREAKER COMPANY 
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f you find it increasingly difficult to get the up-to-date, 

| I expert information you need when you need it—here is 
important news from McGraw-Hill. A new professional 
encyclopedia has been developed that gives you latest 
available information in the scientific and engineering dis- 
ciplines, and keeps you abreast of the whole spectrum of 

_ today’s exploding technology. 


Short-Cut to Basic Information 

on Every Aspect of Every Field: 

For help with everyday problems 
met in your work—as an instru- 
| ment to help you bridge the gap 
' between your specialty and other 
fields into which your work leads 
_you—as a backstop and ‘‘re- 
' fresher” in your own and related 
_ areas—there is no substitute for 
_ this new ready-reference tool in 


i 


encyclopedia: form. McGraw-Hill enlisted the support of 
2,000 contributors, including Nobel Prize winners and 
leaders of research and industry, for this unprecedented 
and widely-acclaimed undertaking. 

Mail Card for Free Brochure: If you feel pressured by the 
mountain of information facing the scientist and engi- 
neer today, the helpful brochure 
offered on the attached card is 
“must” reading for you. It gives 
complete details of this extraor- 
dinary new method devised to an- 
swer your information needs. 
Simply mail the inquiry card 
today to receive your free 
copy. No obligation, of course. 


McGRAW-HILL BOOK COMPANY 
331 West 41st Street, New York 36, New York 
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SOLA CONSTANT-WAT TAGE 
FLUORESCENT BALLASTS 


Specified for the Harris Trust and Savings Bank 
(Chicago) — these remarkably reliable SOLA two- 
lamp fluorescent ballasts! Here, in this specially tailored 
installation, heating and cooling are handled via the 
lighting troffers, an arrangement designed to assure 
Harris Trust and Savings Bank complete flexibility in 
placement of partition walls, with ample light and 
ventilation for all areas. 


25,000 SOLA 40-watt ballasts are employed through- 
out the building. Records, after two years, show the 
kind of cost-saving reliability that built our business 
here at SOLA; 99.9% of these ballasts still are trouble- 
free, faithfully doing their job without attention. 


Actually, it’s not surprising. Records of SOLA bal- 
lasts prove that 99.86% surpass warranteed perform- 
ance! And SOLA constant-wattage design insures better 
striking with open-circuit RMS voltage well above 
minimum requirements . . . plus full rated lamp life 
through low lamp current crest factor. 


It pays to specify SOLA every time. Write today for 
complete catalogs and prices. $-32-61 


SOLA ELECTRIC CO. 
1717 Busse Road 
Elk Grove Village, II. 


HEmpstead 9-2800 
iP IN CANADA, Sola-Basic 
ors : SE ATRERETS Products Ltd., 377 Evans 
DIVISION OF BASIC 


; ; Ave., Toronto 18, Ontario 
PRODUCTS CORPORATION 


ca 


# 


§ 
® 
BS 
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SOLA 40-w Rapid 
Start ballast — the 
type employed in 
Benjamin Lumi-flo 
light-and-air troffers - 
(left) throughout the 
new Harris Bank: 
Bldg. shown below. 


> ha ee $ 


If it can be mistaken, mislaid, misfiled, mis- 
used, misanything—label it with Dymo. See for 
yourself how easily you can make handsome, 
raised-letter labels for 1001 applications. Em- 
bossed labels take seconds to make, cost pen- 
nies, stick permanently to almost any surface. 
Vinyl tape in 10 colors, five striped tapes, six 


Embossed letters pro- 
vide maximum perma 
nent legibility, quality 


WRITE FOR 


metal tapes. Five Dymo Tapewriter models, 
from $24.95. Send the coupon for a free 
booklet “1001 Applications” for manufactur- 
ing, administrative, inventory, personalizing, 
professional, electrical, municipal, schools, 
electronics, and many more — along with a 
name badge personalized with your name. 


Prices slightly higher in Canada 


HARD HATS 


[= 80 NOT ovEsioso 
| 25 AMP. waximurt 


CRE: 
GEFORE STARTING 


CONTROL BOXES 


2 
= 


CIRCUIT BREAKERS 


BOOKLET ‘1001 APPLICATIONS” 
AND YOUR SAMPLE NAME BADGE 


Dymo Industries, Inc., Department ECM-5 
P.O. Box 1030, Berkeley 1, California 


Please send me free booklet “1001 Applications” and my name badge as follows. 
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Name (PLEASE PRINT! 
Title: Firm 

Product or Service Tel. 

Address 

City Zone State 


GOOD LIGHTING PAYS EVERYON! 
... BE SURE TO GET YOUR SHARE 


Graybar’s Lighting Action Plan helps 
you get it! Graybar gives you the tools 
for selling ... quality lighting equipment, 
priced to fit every budget...available from 
your local Graybar stocks. Also, you’re 
able to offer financial help through Leased 
Lighting —at no risk or cost. And... you 
have all of Graybar’s know-how for help 
in planning, layout and specification. 
It’s all in the Graybar Sales Kit which 


includes such helpful items as a con 
plete Lighting Prospect Plan Book, 
Light Meter, Lighting Selector and oth 
sales aids. But time is money — yot 
money, so act now on the Action Pla 
Ask your local Graybar man, or wri 
Action Plan, Graybar Electric Compan 
Inc., 420 Lexington Avenue, N. Y.17, N.’ 


and...call Graybar for 
everything electrical. thing electrical Grrayboal 


BENJAMIN: Outstanding style and economy in Benjamin's Modular- 
Troffer for recessed or surface mounting; Prismatic Lens or 42” Cube 
Plastic Louver. Fixture is one-piece steel housing; baked enamel -finish. 
Suggested user price $29.60 with two 40 W Rapid Start Lamps, $47.65 
with four lamps. Troffers at slight additional cost in flange construction 
with integral swing-out hangers. 


KEYSTONE RLM FEATURE-LITE INDUSTRIAL: Here's top efficiency lighting with 12% 
upward component, lifetime porcelain enameled reflectors and high power factor fused 
ballasts. In 4-foot, 2-lamp Rapid Start suggested user price $21.65; 8-foot, 2-lamp 


Slimline suggested user price $36.65. 


MOE LIGHT: Prewired Adjust-All round recessed housing with choice 
40 decorator combinations of Open Trim, Trim-and-Glass and Decorati 
Glass including satin brass or aluminum, chromium, baked enamel, pi 
ished brass, Fresnel lenses, opal glass, white glass, etched glass, 


GE POST MOUNTED FLUORESCENT: Sturdy aluminum hou: 

with acrylic plastic light diffusing globe and aluminum reflec 
Internally prewired for quick, easy installation; optional ph 

electric control available. Suggested user price $130.00; | 
control, $138.00. 


ee a 


AMPLEX: Advanced lighting uniquely combining fluorescent and 
incandescent. Instantly adjustable lamp, high quality light for 
office, plant or laboratory...in clamp-on, screw-down or draftsman- 
clamp mounts. Suggested user prices from $27.40. 


WAKEFIELD PRISMATIC: Popular, practical, inexpensive Wakefield Pris- 
matic luminair has ¥g” thick clear lens diffuser of styrene, easily removed 
without tools. Prismatic 50 has two Rapid Start lamps for 50 footcandles 
—suggested user price of $20.75; Prismatic 100 uses four lamps for 100 
footcandles at $34.75. 


LITECRAFT VALULITE: Fixtures that 
feature beauty in opal glass and ano- 
dized aluminum; hinged ceiling drums 
for easy relamping. With two 75 W 
lamps, suggested user price $6.40, 
three 100 W lamps, $10.00. ® Litecraft 
also features fluorescent fixture with 
reversible plastic diffuser for horizon- 
tal or vertical mounting on wall or ceil- 
ing. Suggested user price with 40 W 


\NTHONY “THRIFTY-Q”: Cool, con- 
folled Quartz-lodine lighting. Cast alu- 
fAinum fixture for rapid heatdissipation; 
ligh-temperature Neoprene gaskets. In 
wo models; 500W/120V, suggested 
iser price $30.65 and 1500W/277V 
it $38.65. 


-WIDELITE: For 100, 175, 250, 400 
and 1000 W color -corrected mercury 
vapor lamps, quartz-iodine lamps or 
incandescent lamps, or in combination. 

_ Die-cast aluminum bodies resist corro- 

sion and damage; heat dissipating fins 

_ promote longer operating life. May be 

mounted on walls, poles or hung; in 

' single or multiple units. Choice of re- 

flectors for different beam coverage. 

Available in all voltages at suggested 

user prices from $42.00. 

f 

+ 


Rapid Start, $13.35. 


MOLDCAST HOUR GLASS: Modern de- 
sign in cast aluminum fixtures for 
sealed beam lamps. The Hour Glass is 
the only cast aluminum, weatherproof 
fixture of its kind, complete with pro- 
tective lens and canopy plate. Satin 
aluminum finish protected by clear 
plastic coating. Suggested user price 


$25.17 


* 


age” 


JEFFERSON DRI-LOK: Ends danger of compound leakage. Dri- 
Lok is a new thermo-setting plastic, bonding ballast core, coil 
and case into one unit. Will not react or combine chemically 
with any material in ballast. Ballast operates cooler for longer 
operating life. 


STERNER LIGHTING: Low 
est installed cost per lume! 
output of any outdoor fluc 
rescent. Davit lights ar 
complete down to mountin: 
bolts, internally wired wit! 
HPF ballast in base for eas 
servicing through patente 
“‘Hinge-O-Matic’’, allowin 
one-man relamping and low 
cost initial installation. Pol 
and lamp are fastened t 
base with heavy-duty hing 
for quick manipulation. | 
natural aluminum or anc 
dized finish. Suggested use 
prices range from $377.0) 
to $472.00, including pole 
and all equipment. Als 
available in double-dav 
construction. @ Circa-Lit 
also features exclusiv 
“‘Hinge-O-Matic’’ for ease c 
installation and mainte 
nance. Suggested user price 
from $268.00 to $535.00 
including poles. 


Here is part of the wide selection of fixtures we carry... 


‘Stock at Graybar...headquarters for lighting and lamp: 


PAPER-LEAD CABLE SPLICING KITS 


G&W furnishes everything needed in one package 


for complete, durable, trouble-free cable splicing 


.. . you save time, money, and material! 


Gé&W pre-engineers a full line of splice kits for both lead and plastic- 
sheathed cables. Each kit is supplied complete with all required ma- 
terials, drawings, and instructions. Containers are sealed so nothing 
is lost. You save-on-the-job installation time; reduce inventory costs. 
Fast delivery to you, too, from factory off-the-shelf stock! 


PLASTIC-COVERED CABLE SPLICING KITS G&W CABLE NIGHTCAPS 


. available from stock for all standard ... available from stock for straight two-way, ... Seal unfinished cable joints against moist- 
size (number of pairs) cables over the full three-way wye, or four-way wye splice con- ure and dirt; eliminate need for splicing as~ / 
range from #12 AWG through #19 AWG. May figurations. Contain easy-to-use 2” 1.D. (maxi- one continuous operation. Nightcaps permit — 


be supplied for straight two-way, bifurcating 
or bridge, and four-way “X” splice configura- 
tions. Both paraffin and desiccant type kits 
are also available. G&W can furnish kits de- 
signed to meet special applications. 


mum) plastic pipe sleeve threaded at each 
end to take single or wye-type end caps and 
seals. Sleeve offers excellent insulation; re- 
sists sunlight, dampness, alkalies, acids, and 
oils. Other kits also available for both copper 
or aluminum shielding. 


terminations to be left partially completed 
overnight or for several days with assurance 
that work-in-process will stay dry and clean. 
All needed materials supplied in single pack- 
age, are low in cost, and quick-and-easy to 
use. 


You can depend on G&W’s full line of quality splice kits, nightcaps, or 
cable boxes to give you the service and protection your system deserves. 
For full information, contact your nearest G&W Representative, or write 
for any of the following G&W Bulletins: 


Bulletin JC56 ...... Lead-covered cable splice kits 
Catalog JD......... Plastic-covered cable splice kits 
Bulletin XYZ ....... Cable joint nightcaps 


G & W ELECTRIC SPECIALTY COMPANY 


Giw 3500 WEST 127th STREET e BLUE ISLAND, ILLINOIS 

CANADIAN MFR, * POWERLITE DEVICES LTD. * TORONTO, MONTREAL & VANCOUVER 

362-2 superior quality standards —inspired specialized design 
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Investigate 


the only complete conduit system 
permanently protected by 
fused-on PVC coating 


Plasti-Bond is Pittsburgh Standard hot dip galvanized 
steel conduit, elbows, and couplings, heavily coated 
with polyvinyl chloride permanently fused-on at the 
factory. Overlapping sleeve design creates tight, pres- 
sure Sealed joints on couplings and condulets, provides 
complete protection against corrosive fumes. There is 
no “corrosion travel”, no fume seepage. 

Plasti-Bond’s unique protection costs less installed 
than any other effective corrosion-resistant electrical 
system. Standard conduit installation methods and 
tools are used with little or no alteration in technique. 

Complete corrosion-proof conduit systems can be 
specified in Plasti-Bond, including Crouse-Hinds con- 
dulets, lighting fixtures, straps, and pull boxes to meet 
all requirements. 

Get the full story on the finest PVC-protected 
electrical system. Write today. 


*Patent Pending 


or sam 
Pittsbure pes 
Verona, P 


ITTSBURGH 
T NDARD GENERAL OFFICE: VERONA, PA. 


CONDUIT| CO. Plants: Verona, Pa. + Morrisville, Pa. + Houston, Tex. 
+ Franklin, Pa. « Gilmer, Tex. 
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Maintenance Mart 


YOUR LOCAL DISTRIBUTOR | 


ecoeceuginenccnemmemrmeyne a 


Built-in wrench. Unique wings make WING-NUT 
easiest wire connector to screw on heaviest 
branch circuit wires. Splice is visible inside 
tough nylon shell. U.L. listed for 600 volts as 
pressure cable connector, and 105°C. U.L. ap- 
proved for aluminum and solid and/or stranded 
copper wires. 2 sizes of WING-NUT available to 
meet all pigtail splice needs. 


Cut “fishing” time. Highest grade, oil-tempered 
flat spring steel FISH TAPES will not curl. Flexi- 
ble and easy for long, multi-bend conduit runs. 
Steel reel holds tape, is handled with safe, 
sure grip and ends danger of bending, kinking 
or breaking tape. Used with flexible leader, 


solves 90% of fishing problems. %” and 14” 


tapes in 50, 100 and 200 foot coils. 


Vap-Oil-Tite—only completely reusable connec- 
tors for liquid-tight, flexible metallic conduit. 
Perfect seal. Positive ground, covers raw con- 
duit end, fits EF and UA. U.L. approved. 90°, 
45° and straight for 44” to 4” sizes. Easy to 
apply: Slip ring nut (1), and split ring (2), on 
conduit. Screw grounding bushing (3) inside 
conduit. Tighten ring nut over connector (4). 


In-place motor maintenance. Service commuta- 
tors, motors without dismantling . . . use Ideal 
commutator resurfacers, brush seaters, flexible 
abrasives. All sizes and styles to fit any job. 
Ideal line also includes everything for com- 
mutator care: precision grinders, mica under- 
cutters and many specialized small tools. See 
your distributor. 


82 . 


ER 


America’s favorite! WIRE-NUT has long-proven 
performance record as lowest-cost method for 
all common branch circuit and fixture wire con- 
nections. Strongest, shake-proof wire joint pos- 
sible. All 5 sizes U.L. listed as 300v fixture; 
large sizes 74B & 76B as 600v pressure cable 
connectors, Use WIRE-NUTS in all types of con- 
duit, cable, non-metallic sheath and open wiring. 


covet 

big : 

a screws § 
7 
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Easiest way around! Ideal PULLING ELBOWS & 
ADAPTERS make wiring around corners a snap. 
Precision milled of malleable iron for rugged 
strength and perfectly smooth pulling. Precise 
90° fit. Cadmium plated, chromate treated. 
Supplied assembled, complete with rigid domed 
cover, full neoprene gaskets and BIG screws. 
Y2" to 2” sizes, in three styles. 


Vacuum cleaners and blowers. Blows dry air at 
high velocity but low pressure, so safe for deli- 
cate equipment. Light, balanced hand models 
for heavy, medium or light duty, complete with 
blower nozzle. Available with hand model or 
tank type cleaning attachments. Ideal CLEAN- 
ERS do better job faster, at less cost. Universal 
type motor lubricated for life. 


a 


FREE MAINTENANCE PRODUCT CATALOG. You 
can obtain your own free copy of the complete 
Ideal Maintenance Catalog giving details on 
thousands of items you need for regular and 
special maintenance jobs. For free copy, send 
your name, company name, and address to: 
IDEAL INDUSTRIES, 1041-E PARK AVENUE, 
SYCAMORE, ‘ILLINOIS. Write today! 


FROM 


has WRAP-CAP that insulates all around and 


~even between wires. 600v U.L. approved for “4 


cadmium plated steel sleeve and vinyl 1-piece 
WRAP-CAP ... now 2 sizes. 3 sizes of Ideal | 
SET-SCREWS. All U.L. listed. Shell and con- 
nector easily removed and re-used. Tough shell 
has long skirt to prevent flash-over. 


Double protection—Ideal VOLTAGE TESTER has 
a solenoid, calibrated indicator and a neon test 
lamp... each independent of the other. Safest, 
easiest for rugged daily use. Plastic safety yel- 
low case, no-slip prods, prod storage space, 
fits pocket. Tests voltage, frequency, AC or DC, 
continuity, etc. Also model with resistor-fuses 
in prods to prevent arcing. 


Stripmaster _ EZ Automatic 1-5 


Strip wires fast and easy. ‘‘One-squeeze’’ 
STRIPMASTER strips both solid and stranded 
wire in 2 seconds. Heavy-duty E-Z AUTOMATIC 
cuts thru toughest insulation and strips wires 
clean without crushing ends. Low cost 1-5 
STRIPPER cuts, strips and loops wires, Fits flat 
in pocket. Strips 10 to 18 gauge. Many other 
special Ideal hand stripper models available. 


THE HELPING HAND 
ON EVERY WIRING JOB 


IDEAL INDUSTRIES, INC. 
1041-E Park Avenue 
Sycamore, Illinois 
In Canada: Irving Smith, Ltd., Montreal, 


All the fine maintenance products above 
are manufactured by IDEAL. All are avail- 
able from your local IDEAL DISTRIBUTOR. 
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with no wiring to disconnect. No shutdown of 
ther units. Simplifies inspection, speeds fuse and contact-tip replacement. One of 
jore than 40 time- and money-saving features of the 7700-LINE CONTROL CENTER. 
hey add up to best protection, fastest installation, easiest maintenance in your new 
irouped control. See your G-E Sales Representative or write for Bulletin GEA-7238 to 
ect. 783-24, Schenectady, N.Y. General Electric Co., Salem, Va. and Plainville, Conn. 


GENERAL @@ ELECTRIC 


Versatile Revere Fluoresign 


lets you make attractive, 
efficient lighting systems 


for a wide range of applications 


RVR-1-210 


Series 8650 Single-Row Fluoresign 


Series 8670 Double-Row Fluoresign 


The Revere Fluoresign consists of standard, modula 
components including socket assemblies and 4, 6, anc 
8-foot reflectors and covers. It lets you make up ar 
economical, attractive fluorescent lighting system of an} 
length and any desired intensity for illuminating storé 
fronts, building walls, signs and poster panels. 


You can choose the degree of lighting intensity re 
quired for the application. The Fluoresign accommo 
dates all high-output and extra-high-output lamps. It i 
available in either single-row styles (Series 8650) o 
double-row styles (Series 8670). You can install the 
Fluoresign with light directed upward using the snap-or 
reflector cover, or you can install it with the light directec 
downward using the slide-in reflector cover. 


The Fluoresign is easily assembled and installed anc 
is adjustable for accurate placement of light while thx 
lamps are burning. Because it runs the entire length o 
the area to be lighted, with no gaps between reflectors 
the light is uniform with no glare or hot spots. All-com 
pressible sockets and easy-to-remove covers permit easy 
relamping and maintenance. Write for Bulletin 300-21 


OUTDOOR 
LIGHTING 


EQUIPMENT 


Revere Electric Mfg. Co. © 7420 Lehigh Avenue © Chicago 48, Illinois 
(In Suburban Niles) Long Distance Phone: Area Code 312 Niles 7-606 
Chicago Phone: SPring 4-1200 e« Telegrams: WUX Niles 
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Save time on the job with 
a SEALTITE”’ cutting jig 


E 
L 
i 


quick, clean cuts 
for dependably liquid-tight seals 


11 wonder how you ever operated without it. 
; handy metal mitre-box type of jig permits quick, 


he-job cutting of SEALTITE, the flexible liquid- FOR MORE INFORMATION on SEALTITE 
t conduit. You'll get a clean, square cut every Cutting Jig or on SEALTITE, write: Anaconda 
2 assuring a full-contact fit when inserted in a Metal Hose Division, Anaconda American Brass 
id-tight connector. ¥ Company, P.O. Box 791, Waterbury 20, Connecticut. 

In Canada: Anaconda American Brass Ltd., Mont- 


» SEALTITE cutting jig is portable, easy to use, 

can be put in a vise or attached to work bench. 
lable at your Sealtite Electrical Wholesale dis- 
utor at nominal cost. Buy your SEALTITE in = 
nomical reels and cut the conduit quickly to ANACON DA 
aired lengths. Always specify SEALTITE by 


iconda, the original, the best—yet costs no more. METAL HOSE DIVISION 


real 2, Quebec. 61-1903 


the rotary handle... 


fi totally new concept in circuit breaker design and operation, the rotary 
handle on FPE molded-case circuit breakers offers you advantages never 
before available in AB breakers: 


Simplest and safest in the industry! All external mechanisms are eliminated. 
The rotary handle is built into the breaker, assures you greater safety and 
dependability, greater visibility! 


Eliminates all safety hazards! The breaker may be locked “‘on” or “off” with 


the door open or closed! And a retractable locking ring (standard on every 
unit) accommodates up to 3 padlocks! 


Easiest to operate! The rotary handle, with lever action, operates much more 


easily—obsoletes straight-line toggle devices! 


Styling, too! Raymond Loewy-designed! When it comes to style and appear- 


nT nann nreake NPAK TO lves! 


Here’s real 


breakers you get full-line capability—15 through 800 amps, 2 and 3 p 


Type NEF 


Type NFJ 


ee 
ay 


Type NJL 


Type NM 


in only 4 frame sizes... 


economy in AB breakers! Now, with FPE rotary handle 


in only 4 frame sizes! Savings to you are obvious, in specifying, 0 
... Stocking ... handling! Check these ratings: 


Continuous 
Current, 
amps 

15-100 


70-225 


70-400 


125-800 


Max. Interrupting Capacity, amps 


Type Voltage, @600 @480 @ 240 Trip 
ac vac. vac. vac. 


NEF 15,000 20,000 thermal and magnetic 


NFJ 20,000 25,000 thermal and adjustab 
magnetic 


NJL 25,000 40,000 thermal and adjustab 
magnetic 


35,000 ~ 50,000 thermal and adjustab 
magnetic interchang 


orld’s most advanced power contro! equipment is identified by the 
; most advanced molded-case circuit breaker. Modular construction 
hout plus pre-drilled and tapped components assure maximum flexi- 
0 meet tomorrow’s protection needs. 


ually enclosed rotary handle circuit breakers rated through 800 
es obsolete external handle mechanisms, provide simplified low-cost 
ations. The door interlock prevents unauthorized opening of enclosures 
reaker in “on” position. The interlock is voidable by authorized person- 
ew reduced size of the circuit breakers results in smaller enclosures. 


tion Panelboards—types NHDP and CDP—are available with rotary 
: circuit breakers in a full range of sizes from 15 to 800 amps. Each 
sr can be individually locked either “on” or “off”. A glance at the highly 
rotary handle tells you whether the breaker is “on”, “off’’ or “tripped” 
el front panel construction and individual grounding of each cove 


assure maximum operator safety. 


mall and medium-to-large buildings, respectively. HCB main distributor sec- 
tions are rated through 2000 amps, VCB through 6000 amps. Branch circuits, 
with rotary handle circuit breakers, are rated through 800 amps. 


Control centers feature modular motor starter units in NEMA sizes 0 through 
5, and rotary handle circuit breakers. Busses are enclosed in polyester glass 


...75,000 amperes RMS short circuit withstand is: standard. Standard con- 
trol center sections are 20” wide x 20” deep x 90” high. Units plug in thro h 
the insulator, assuring dead front safety. Exclusive plug-in construction 
allows door to be closed and locked with the unit completely disconnected 
from the power source. Single responsibility for the manufacture of stru 
ture and components assures properly coordinated assemblies engineered 
to exacting standards. 


FEDERAL PACIFIC ELECTRIC COMPANY, 50 PARIS STREET, NEWARK 1, NEW JERSEY 


88 


| 
t 


; ror suum 


POWER TO SPARE— MONEY SAVING FEATURES... 
A central wiring distribution channel with conductor @ Eliminates cutting and threading of conduit 
capacity that exceeds requirements of any lighting lay- @ Reduces number of hangers 
out and with power to spare for other uses. Here’s a ae ava 
Channel that adapts to any interval of structural sup- @ Uses existing boxes for wiring feeds 
port—may be dropped to any level where it becomes a @ Plug-in method reduces wiring costs 
rigid platform for fixture attachment. Lighting fixtures @ The greater hanger spacing allows use of « 
aed be spaced and fastened anywhere along the Channel boxes with fewer intermediate hangers 
ystem. be. 
Branch lighting circuit conductors are completely en- @ Pre-wiring of long lengths of channel at ben 
closed in Channel from panel to fixture. This raceway @ Top mounted receptacles provide outlets for ] 
carries full Underwriters’ Laboratories, Inc, approval. tools and machinery. 


Keeps upkeep down—check easy removal of fixture for cleaning and ballast repair 


Visible Positive 
anger Closure 


Extra Outlet: 
ee Other 
Power Uses 


Movable Hanger 
Raceway Capacity 


10 No. 8 AWG 
(N.E. Code) 
Channel She 
Catalog B-9( 
Add or relocate 1" x1y," 


* fixtures as eae 
peduites Easy Removal Air Flow 
Hanger Bolts of Fixture Ventilation 


to Fixture 


\ 


Write for Free Booklet G-2 
PITTSBURGH 33, PA. 
STEEL CITY ELECTRIC CO. IS A CONSTRUCTION MATERIALS DIVISION OF MARTIN MARIE 
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\BORATORIES, INC. 


STEEL CITY-KINDORF CHANNELS 


Channels of various depths and gauges, for use as sur- 
face raceway wiring systems or for fixture support only, 
are available as standard. 

When used as a raceway, the Channel capacities are 
more than ample for every lighting requirement—up to 
ten No. 8 AWG conductors (National Electrical Code). 

Steel City Channels and accessory fittings are pro- 
tected by the GALV-KROM finish—an electrogalva- 
nized finish PLUS added protection of zinc chromate. 
The GALV-KROM process imparts an attractive bronze 
_ lustre to the surface which does not require painting. 


Steel City Electric Co. 
Pittsburgh 33, Pa. 


Please send me free illustrated booklet G-2. 


Name 


Company. 


Address 


City. Zone State 


ELECTRICAL CONSTRUCTION AND MAINTENANCE... 


MAY, 1962 


Is standby a big enough word in your power planning? 


SERRSESRS 


Ld 


Specify a Kohler Standby Electric Plant 
where business depends on “power bookkeeping” — 


Electricity has automated bookkeep- 
ing. Tabulation. Sorting. Addressing. 
Labeling. Computing. But when nor- 
mal electric power fails all this beau- 
tiful equipment is like help on an 
extended coffee break, i.e. expensively 
‘non-productive. 

Solution: Standby power. Kohler 
standby power, because Kohler elec- 
tric plants deliver exactly as 
‘promised. Never over-rated. Always 
thoroughly tested under five different 
load conditions before they leave the 
factory. The plant you install—like 
all Kohler plants—leaves a perma- 
nent written record of factory test 
performance for future reference. 

Kohler plants feature electric crank- 


ing through exciter, giving you the 
fastest automatic starting possible— 
a prime requisite of standby power. 
The long service and dependability 
of Kohler plants are backed up by an 
extensive network of Kohler distrib- 
utors and dealers staffed with factory 
trained specialists. 

Kohler standby units range from 
500 to 115,000 watts. All meet stand- 
ards of NEMA, AIEE, ASA, and 
Canadian Associations. See your 
nearby Kohler dealer for more infor- 
mation, or write directly to us at 
Dept. EP-605 

(Engineers, see Sweet’s Architectural 
File and Sweet’s Light Construction 
File.) 


KOHLER o-r KOHLER 


Kohler Co., Established 1873 + Kohler, Wisconsin 


ENAMELED IRON AND VITREOUS CHINA PLUMBING FIXTURES © ALL-BRASS FITTINGS © ELECTRIC PLANTS 


¢ AIR-COOLED ENGINES ¢ PRECISION CONTROLS 
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jew Honeywell electronic dimmet 
fits standard wallbox 


eywell Socialite” 
$ dramatic lighting effects... 
lusive snap-on wall plate 


Is distinctive decorating touch 


‘la 


Lee offer fully variable lighting without having to 
over-size boxes. _ 

» new Honeywell Socialite fits into single wall box, con- 
|} like regular, single pole switch. Installs quickly in new 
or as replacement switch. Adds glamorous lighting 
s to make a home more inviting. 

1 the exclusive Tap-Lite* you can offer a selection of 
ir and dimming switches that complement each other. 
Whole house can have a look of distinction with the 
thangeable decorator wall plates. The wall plates are 
arent and snap-on. Decorating insert supplied, or use 
0 match decor. = ba 

') and 1000 watt incandescent models available for resi- 
Jal or commercial use. Order from your electrical whole- 
r write Honeywell, Dept. EC62-69, Mpls. 8, Minn. 


a 


} 


connect two wires to Socialite 2 Mount switch in box and snap-on 
is. It's as simple as installing — transparent decorator plate with 
Ye ler, single pole switch. insert provided or your own insert. 


oe 
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HANDS FULL? ELBOW WILL DO , ee, ee 
TAP! ON TAP-LITE Ho eywell +. 
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America's custom light 
switch. Snap-in wiring. Sin- 


gle pole, 3-way and 4-way ‘ 

switches—gang and duplex e . 

decorator wall plates. wt WL 
| 

i j ss) 
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ix ore 
Wall plates fit both Socialite and Tap-Lite 


TAP! OFF 


...fluorescent PHOTOMETRIC 


adjustable canopy and sliding clamp hanger 


Time saved is money saved. From the ceiling 
strap which permits lateral adjustment up to 
1” in either direction, the hook-on stem which 
makes one-man installation easy, the threaded 
stem which makes leveling the fixtures so sim- 
ple, to the sliding clamp hanger which allows 
for final adjustments, Wakefield has developed 
a series of striking features to keep installation 
costs at a minimum. Note that the sliding clamp 
hanger is also used for on-ceiling mounting. 
If you are a Wakefield customer you know, 


if not, try Wakefield and be convinced. 


Wakefield Lighting Division 
VERMILION, OHIO 


Wakefield Lighting Limited 
LONDON, ONTARIO 


Time Saving Mounting Features 


by WAKEFIELD CORPORATION 


..incandescent RECESSED SQUARES 


clinch-cleat adjustable mounting equipment 


Look at the illustration. Note that the side 
rails are stamped for pre-setting to either 14” 
or 16” joist centers (A). Next, you will see 
how the mounting bar provides for attach- 
ment to either the bottom or side of wood 
joists without nails, staples or screws (B). This 
is our famous Clinch-Cleat Attachment which 
also provides for mounting in acoustic tile 
faecharseal suspension systems. The Clinch- 
Cleat clamps over H-sections or squeeze-fits 


over Tee-sections as shown in the sketches (C). 


Art Metal Lighting Division 
1814 EAST 40TH STREET, CLEVELAND, OHIO 
Wakefield Lighting Limited 
LONDON, ONTARIO 


DRIVE INTO CLAMP OVER 
JOIST BOTTOM H-SECTION 


SQUEEZE OVER 
TEE-SECTION 
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@ By now you know that only Wesix electric heat- 
ing products have ion balance. And you know, too, that 


| many people in offices, shops and stores as well as thou- 


sands of homeowners and apartment dwellers need and 


| want ion balance. It’s a terrific plus for sales minded 
» electrical contractors and builders. 


NMS 


But what about quality and style—two key points es- 
sential to successful installation sales? 


Wesix quality was established more than forty years ago. 
Basic concept, finest components and highest crafts- 
manship continue to build our reputation. Wesix is still 
the world’s oldest and largest manufacturer of quality 
electric space heating. 


And as for style, all we ask is that you and your cus- 
‘tomers compare the clean, smooth lines, the perfect 
blending with other room furnishings, and the years- 
ahead decorator designs with other electric heating 
_ products. 


You’ll see why Wesix sets the styles for the industry 


Quality, style and ion balance—three selling point 
that can’t miss. Only Wesix has them. 


WESIX 


ELECTRIC HEATER COMPANY 


390 FIRST STREET - SAN FRANCISC( 


ATTN: ADVERTISING DEPARTMENT 


I want to know more about Wesix products. 


Name 


Address 


City 


I-T-E CIRCUIT BREAKER COMPANY 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1962 


TE 


modular constructed, front 
connected, pre-engineered 


SWITCHBOARDS | 
COMPLETELY) 


JUSSE 
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J-T-E Uni-Power design permits use of one § 
section, or a combination of cross-bussed | 
sections. Complete factory bussing makes in- | 
stallation quick, easy, and eliminates the as-| 
sembly of many components. Pre-engineered | 
components meet the requirements of cus=_ 
tomized jobs. 


@eeeesneeeveevee eevee e028 0888028888888 S 


FUSIBE ORI 
BREAKER) 


main service disconnects 
and distribution sections 


SPOKE CC oe ee eeseeEeereneseseeeeees. 


Uni-Power Switchboard components are 
manufactured by highly specialized divisions/ 
within the I-T-E corporation and then as~' 
sembled at I-T-E Area Service Centers stra- 
tegically located to allow superior deliyery. | 
Convenience plus I-T-E quality is yours. Buy 
the switchboards built for engineers and con- 
tractors who are proud of their work. Al- 
ways specify I-T-E quality. 


AN Mt 


Contact your nearest I-T-E sales office. Re- 
quest a copy of Bulletin 9200-1A. 


[ST OUTDOOR 
)MINATION 


Rectangular Locations 
Centers, Parking Lots 


) the 
‘E 


qrial Yards, Work Areas’ 
‘fh Private Roads 


Grounds. Housing Sites 
ervice Stations 


IE COMPANY Inc 


uthorities Since 1898 
Hison Ave., New York 17, N. Y. 


fe Co., Ltd., 418 Kipling Ave. So., Toronto 18, Ont. 


DISTRIBUTIONS 


Holophane research has produced another startling illumination first! A new bracket- 
mounted luminaire with a round-shaped refractor that directs light uniformly over square 
or rectangular areas. Its prismatic construction controls the light so that the total down- 
ward output exceeds 76%—highest efficiency in this type of luminaire. Wide-spread 
distribution delivers the light symmetrically right out to the very corners and edges of the 
space. The refractor is one-piece, specially processed glass, resistant to thermal shock 
and the elements. Takes 500 w. incandescent and 400 w. clea or color-corrected mercury 
lamps. Economical to install and maintain. 


1 


Holophane 
No. 448 Series 
(on 0877 Bracket) 


We don’t see many of our Black & Decker Drills for 
years at a time—three, six, sometimes ten. Actually we 
have cases where B&D Tools have come to us for 
repairs only four or five times in the past 40 years. 
(And these were their only repairs.) 

How can you do as well? To begin with, start with 
quality—a Black & Decker Tool. Then follow up with 
repairs if necessary, at any of our 100 Repair Centers 
across the country. Not only can you count on fast 
service at a fair price, but you get genuine factory parts 
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and factory-approved techniques applied by men w 
know these tools. Result: your Black & Decker Tos 
performs more efficiently, lasts longer. 

We can’t promise 40 years service from your Blac 
& Decker Tool with only four repairs. But, everythi 
is on our side, and we'll try. 

Check the Yellow Pages under Tools-Electric or wri 
for address of nearest B&D Factory Service Branch « 
Authorized Service Station. The Black & Decker {yous | 
Mfg. Co., Dept. 1205S, Towson 4, Maryland. a. 


Black e Decke 


QUALITY TOOL SERVICE 


. . MAY, 1962 


* 


PxS SUPER AC SWITCHES 
FROM COAST TO COAST 


Write Dept. ECM-562 


| PASS & SEYMOUR INC. 


. SYRACUSE 9Q, N. Y. 
* SPECIFY PaS 20 ACI LINE BOSTON CHICAGO LOS ANGELES SAN FRANCISCO 
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Steel conduit went in fast fifty years ago—it goes in fast today, 
with the same tools and procedures everyone is familiar with. 


At the turn of the century it offered the best circuit-wite protection 
available—the same holds true today. Rigid steel conduit 

provides electrical wiring with the most thorough and dependable 
mechanical protection you'll find anywhere. 


And it’s inexpensive, simple to rewire, and fully compatible with 
every construction material in major use today. 


Before you specify your next job, check with the leading 

manufacturers of steel electrical conduit, many of whom build their 
products from Bethlehem steel—EMT from Bethlehem steel sheet; 

rigid conduit from Bethlehem steel pipe. Or ask your electrical distributor 
for comparative details. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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~ Same old stuff... but you can't beat rigid steel conduit 


for 


Strength 
... Economy 


... Versatility 
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Spectacular new Powerglow luminaire 
spreads light evenly over a full acre 


the G-E Powerglow unit. 200-foot spacing and 
35-foot mounting height put 21 footcandles on 
the ground. A specially engineered reflector as- 
sures uniform distribution. The large acrylic 
globe diffuses light to reduce glare. Power- 
pack design includes ballasts in a completely 
unitized luminaire. 


Now—in line with today’s move to new higher lighting levels for 
shopping center lots—General Electric presents the spectacular 
Powerglow mercury luminaire and job-matched poles. 


This new high-intensity unit delivers 4000 watts of mercury light 
... Spreads an average of 214 footcandles uniformly over a full 
acre. Six feet in diameter—and available in five striking decorator 
colors—the Powerglow unit is a real eyecatcher ... both day 
and night. It not only attracts customers ... it helps put them in 
a buying mood! 

For the most spectacular lighting we’ve ever seen—plus greater 
efficiency in lighting large areas—get acquainted today with the 
General Electric Powerglow mercury luminaire. Your local G-E 
Area Lighting Agent has full information on it, and the full line of 
G-E outdoor fixtures. Or, write for your copy of our new Shopping 
Center Lighting “Ideabook” to Section 460-18, General Electric 
Company, Schenectady 5, New York. 


Outdoor Lighting Department, Hendersonville, North Carolina 


Progress /s Our Most Important Product 


GENERAL@® ELECTRIC 
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BUSS Bulletin HLS 
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To safely prevent ne 
downs without sacrifice of 


circuit protection _.. use 
FUSETRON dual-element Plug fuses 


Their long time-lag prevents useless open= 
jng from motor-starting currents OF other 
harmless overloads, yet they protect against 
dangerous overloads oF short-circuits. 

Ask for for BUSS Bulletin 
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Buss FUSTAT fuses are FUSETRON 
a Type “<Q”? base SO that too large 


+ be used and pridging oF tam- 
ctically impossible. 


fuses with 
a size canno 


pering is pra 


otection 


sk for BUSS Bulletin SCPS 


For Circuit Pr 
A 


For Motor Protection 
Ask for BUSS Bulletin SMPS 
N MFG. pivistoONn 


BUSSM AN 
St. Louis 7, Mo. 


w-Edison Co. 


McGra 


101 


BELL an Sie : 

Die cast aluminum, . : B SAF-T-LOK 
molstureproot became Weatherproof SAF-T-LOK * Mini-Plates f 
1 and 2-Gang Single Receptacle Switch, single Duplex Vericy) curved or flat 
SAF-T-LOK and double pole, Cover Plate with surfaces 
Snap Cover 3-way, etc. padiock hasp 


Custom devices and oversize covers for all special needs . . . any combination up to 10 gangs 


~— Saf-T-Lok 
COVER 


shut 


snaps 


a i | 4 | BAKED 
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BELL 
= fully illustrate 


..- better i. aS \ Sf / | : catalog 


..-e@asier 
to sell 


—, 


= 


102 ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1962 


BELL ELECTRIC COMPANY 5735 S$. CLAREMONT AVENUE, CHICAGO 36, ILLIN 


America’s Most Complete Specification Grade Line 


‘unlike fluorescent units, 
"temperature is low! 


|Lasting efficiency! a sealed, gasketed lens 
‘keeps irt, bugs and grime off the reflector 
‘and lamp to give you continued high light out- 
‘put. The tempered glass lens swings down to 
‘permit safe, easy relamping. (This is a feature 
you won't use often—but it s great when relamp- 
Ing is needed!) 


Tight now? 


More Light! you get more than twice as much light 
‘rom this rectangularly-shaped luminaire as you would 
‘om an incandescent unit of the same wattage. And the 
highly efficient segmented reflector system puts this 
xtra light right where you want it, without shadows or 
jot spots. What’s more, this Wide-Lite fixture’s output, 
does not drop when room 


New Wide-Lite indoor luminaires are available for use with 1000 watt, 
400 watt or 250 watt mercury vapor lamps. Models are available without 
jre-wired ballasts when remote ballasts are desired. For more facts, 
mensions, and technical data, just send the coupon. Why not do it 


' FLOODLIGHTS « BALLASTS 


Longer lamp life! Lamps last longer and their 
color-correction characteristics are retained bet- 
ter when they are properly cooled. Exclusive 
Wide-Lite ‘‘flue-cooling’’ sweeps cool air through 
the double-walled fixture body to maintain the 
most efficient lamp temperature. 


Installaticn economy! Pre-wired ballasts save 
as much as one-half the installation time on 
each unit—saving many dollars on the average 
installation. And, of course, mercury vapor Wide- 
Lite units make possible big savings in wiring, 
conduit and switch-gear as compared with in- 
candescent and fluorescent lighting! 


Cee CO Be AR ee A GE eee ee ee eee oe be | 


COMPANY 
& INDOOR LUMINAIRES 

WIDE-LITE CORPORATION - A Division of Esquire, Inc. ADDRESS 
¥ In Canada: Wakefield Lighting Limited ciry 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


Ce BQ BE A NR BEE Ew VR GS a BY BA GR GE SA ee Wie 


os « MAY, 


HERE'S WHATS IN THE 


NEW WIDE-LITE: 
INDOOR LUMINAIRE 


FOR YOU!!!!! 


Less glare! Wide-Lite uses a mercury 
vapor lamp—a big, low-glare light source 
—to gain a head start in the freedom- 
from-glare department. But the new 
Wide-Lite fixture has even less glare than 
other mercury vapor units. Its lamp 
is recessed deep in the fixture, and the 
unique flat reflectors don’t focus the 
light. This new glare-free Wide-Lite is 
a blessing to lift truck operators and 
others who must look up as they work! 


Reduced maintenance cost! ‘Fiue-cooling” 
and heat-resisting Class B insulation transform- 
ers protect the ballasts and let you install 
these new Wide-Lite fixtures without worrying 
about high air temperatures near the roof or 
ceiling. Exclusive—only Wide-Lite ballasts carry 
a three year guarantee against failure! 


WIDE-LITE CORPORATION 
4114 Gulf Freeway * Houston, Texas 


Dept. SB 111 


Please send more information about the unique new 
Wide-Lite indoor luminaires. 
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NEW Type H QHT Transformer. 
3712-167 kva single-phase 
30-500 kva three-phase 


< 


NEW Type M QHT Transformer 
5-25 kva single-phase 
3-15 kva three-phase 


NEW Type B OHT Trenstormer 
25 va—-3 kva 


aaa meee . with all these features: 


NEW RATED SOUND LEVELS ARE 


G-E G-E ASA 
—— —— QUIETER THAN ASA STANDARDS 
43 Larger kva ratings are as much as 10 decibels quieter, and 
B = ae sound levels of smaller ratings are 5 decibels less than former 
a SS S| SS SS models. As the table at left shows, maximum sound levels 
151-225 43 of all new QHT units either match or beat the new 1961 
47 ASA standards. And sound levels of the average QHT trans- 


former are even quieter. That’s why you can forget about 
transformer noise when you specify new QHT units. 


* Measured per ASA-C 89.1-1961—2.7.3 and 2.7.4. 


SIX UNIVERSAL VOLTAGE TAPS 
GIVE 50% WIDER TAP RANGE 


New QHT units 30 kva and up now nave six universal voltage 
taps—four 214% below normal and two 214% above 
normal. This provides a 15% tap range, compared with the 
usual 10% at no extra cost. 

As the diagram at left shows, you can now select one trans- 
former rating for a range of voltage levels previously covered 
by three units. You save ordering time, and you can use the 
same universal-tap QHT transformer even if your line volt- 
age levels change at some later date. 


COOLER WIRING COMPARTMENT 
MEETS REVISED UL REQUIREMENTS 


New QHT transformers meet revised Underwriters’ Labora- 
tory specifications for applicable ratings. This U-L. listing 
means that G-E transformers can be connected with any 
cable of standard temperature rating including 60 C. You 
can hook up QHT transformers with low-cost, readily availa- 
ble cable—unrestricted by cable compartment temperatures. 


CLAMP-TYPE CONNECTORS TAKE 
COPPER OR ALUMINUM CABLE 


It’s now easier than ever for you to hook up a QHT trans- 
former. Wiring compartments are roomy and all terminations 
are located at the bottom of the transformer. They are front- 
connected for easy accessibility. 

These clamp-type solderless connectors on type H units, 
shown at left, facilitate positive connections and will accom- 
modate either copper or aluminum cable. 


Progress /s Our Most /mportant Product 


GET COMPLETE INFORMATION on the revolutionary 


new QHT line from your G-E distributor or sales G E N E R A L 96) FE LE CT R | C 


representative. Or write Section 411-20, General 


Electric Company, Schenectady 5, N. Y. 


NOW IN SERVICE | 
OF SIMPLEX it 
INSULATED 


In installation after installation Simplex high voltage polyethylene-insulated power cable 


has proved itself to be a truly superior product. It combines the advantages of low dielectric 
loss with high dielectric strength and very high insulation resistance. And it retains 

these properties under service conditions. Typical applications 

include direct burial, duct or conduit, aerial and submarine. 

Write today for complete information. 


@ 
POLYETHYLENE CABLES BY Sirmplex 
| WIRE & CABLE CO. 


EXECUTIVE OFFICES: Cambridge, Mass. e Plants at Cambridge, Mass., Portsmouth, N. H., Westbury, L. I., Monrovia, Callf. 
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Product Selection for 
Industry Progress 


The process of selecting the optimum products and components which 
are assembled into practical electrical systems is critical and exacting. It 
takes expert experience and knowledge in a complex and ever-widening 
field. It should be an essential part of the services performed by the elec- 
trical engineer or contractor who bears the responsibility for ultimate 
performance. 


The more alert professional in this industry today is identifiable by the 
reach and range of the products and methods from which he draws for a 
deliberate choice. He is broadly experienced but also quick to appraise 
the new or to reappraise the old in the light of current criteria. But, most 
important, his selections are skilled, reasoned, thoughtful and objective. 
They are in effect, a constructive contribution to the building or project 
under development. 


Selection of the components and parts of the electrical system becomes 
a significant part of the actual technology of practical electrical construc- 
tion, application and installation. The choice of products in terms of 
function and correlation should involve the most expert and talented de- 
cisions. Unfortunately, selection often bogs down in routine, arbitrary 
decisions reflecting neither astute technology nor commercial wisdom. 


There is no more powerful force in today’s economy, and certainly in 
today’s electrical industry, than the buyer. What the engineer specifies or 
what the contractor or industrial electrical department buys determines 
what distributors stock and manufacturers fabricate. The buyers’ response 
guides engineering development, inspires marketing and produces the 
industry’s most compelling statistics—sales. 


The effective exercise of the buyers’ power is too often frustrated by 
routine decisions such as those made on relatively slight differences in avail- 
able prices. A selection of the lowest of several prices requires neither 
talent nor wisdom. Selection from among several values is, on the other 
hand, a challenge to the highest technical and commercial competence we 
can bring to bear. 


Selection from among alternatives in electrical systems and products is 
one of the daily tasks of most of the readers of this page. A major share 
of the editorial contents of this issue is devoted to a manual designed 
specifically to help in this process. Decision making is rarely easy. But a 
constructive bias toward industry progress can always be a critical factor. 
It might well be the decisive one. 


BOLTED CONNECTION!...BULLDOG PUSHMATIC® CIRCUIT BREAKERS 
GIVE POSITIVE, FOOLPROOF CONTACT. NO CALLBACKS. BUY TOP 
QUALITY, ABSOLUTE DEPENDABILITY...BUY PUSHMATIC. SEE YOUR 
I-T-E DISTRIBUTOR OR YOUR LOCAL I-T-E SALES OFFICE TODAY!!! 


Write for your copy of 
“The Story Behind the Ad”, 
I-T-E CIRCUIT BREAKER COMPANY ie 
BULLDOG ELECTRIC PRODUCTS DIVISION 
BOX 177 e DETROIT 32, MICHIGAN 


In Canada: 80 Clayson Rd., Toronto, Weston, Ont, 
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SELECTING 
ELECTRICAL 
EQUIPMENT 


| 
A complete manual on the selection of electrical system components— 
covering construction, operation and application of equipment for 
| electrical distribution and utilization, with emphasis on National Elec- 
: trical Code regulations and NEMA and UL standards. 
CONTENTS 
SGTATSS «2 15 5 ORS See een ee ane MARE RESO Utorret) ans .00. 2x al otx eee as 2 4 160 
DiMmMerseee eet as gis wise Dg ns sels Bios eCircuit Breakers ;.. <0). sfc cr esas eet es 166 
Ballasts & Accessories ................ 117 Panelboards & Switchboards........... 181 
RGGMNGIeS ies. ns... soe eee se RE mie TONSIGENIONS: 5co2 ole 02 ordi tars les Oyo «++, ~. « 188 
IV OF GUS MEME IS 55. e geo ene be we 2OnE Wiring: DEVICES, =. <2 ciaseiieads pied we id 202 
MOIOWEC ONION fs co tot ee nS one LZ Tip GONNOCIONS Sac kicii ice leme asia creep. wots se 215 
EloctrighnGaninGiis 55.25 oS peered ee ere, 130 Magnetic Contactors.................. 222 
Wiret@iCablejee et bb ics ee USGresPOWGPSOUICES oor. is 2 clone weave ss 233 
I GELMCTESUGR. ins Coli oe ee 141 Pole Line Equipment.................. 242 
BASS" ee eg 146 Auto-Transfer Switches ............... 253 
SAAT STIS. SSS ARO R 6 BIB atoicag one o onoi ae 150 Signals & Communications............. 254 
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SELECTING 
ELECTRICAL 
EQUIPMENT 


Effective selection of equipment is vital to success of any 
electrical installation Every part and device in any system 
must be carefully selected to meet all of the particular job 
requirements. Electrical ratings and characteristics must be 
suited to the design concept of electrical energy circuiting. 
Mechanical operating elements must be suited to the severity 
of duty to which they will be subjected. Housings and 
enclosures must account for method of mounting and must 
be suited to environmental conditions at the place of 
installation. And all of these factors must be related to the 
economics of the particular job to assure maximum return 
on the dollar investment. 

This manual covers general and specific information on 
selection of a wide range of products used in modern sys- 
tems for power, light, heat, signals and communications. 
For each equipment category, the presentation sets forth 
available types and models, indicating application advan- 
tages of each. Data given is based on the latest industry 
standards and is correlated closely to the National Electrical 
Code. 

‘The purpose of this manual is to promote effective equip- 
ment selection through a higher order of product knowl- 
edge among all segments of the electrical construction and 
maintenance industry. It is hoped that this manual will 
bring order out of the unavoidable confusion created by 
the avalanche of product developments over recent years. 
The greatly accelerated use of electric energy has brought a 
continually accelerating flow of products into the electrical 
industry. In more and more cases, products specified dur- 
ing design of a system are obsolete by the time they are 
installed. ‘The burden on electrical construction people— 
contractors, engineers, plant electrical personnel and in- 
spectors—to keep up with product developments is truly 
heavy. This manual is designed to lighten that burden. 

Over and above the primary purpose of this manual, to 
inform the reader and clarify product types, a second aim 
is to stimulate industry personnel to organize their own 
approach to increasing product knowledge. ‘The presenta- 
tion here provides the framework within which anyone can 
continually expand his knowledge of electrical equipment. 
‘This can be the starting point. And there is no end to prod- 
uct knowledge. 
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Type of Lamp 
Fluorescent 
Preheat... ...6.s 
Rapid Start...... 


Very High Output 


Reflector......... 


‘Incandescent 


Reflector Lamps (R, 


Special Application 


Mercury 


100, 175, 250 watt 
400 watt........ 


Types of Light Sources 


Initial Rated Life 
L/w* (Hours) 
(Range) (Range) 
Bietalevolprats jDUbCOSHBAIOMEDOOROBEOe 40-65 8,000-12,000 
Ree R Ta ctelalis, shetisenr okies Sasi ofa) sinisveca-h 62-77 10,000-20,000 
' Preheat-Rapid Start (40-w)..........ccec cece nee eee 72-77 12,000-20,000 
Mine nand stant Starts =). cis esis visiew cere oie o-wa sie ace 47-76 9,000-16,000 
GH OUsmOtBOOLMG) a eiiiciaiatc sc srs Gore t ween warclce wae 48-75 9,000-16,000 
(SO ONmna) Mase tie ciatietanere easter ses 63-70 7 ,500-11,000 
WAl-W ecother (MilO PLO) Go, oie wjere © as. oar Syiave ci vce be erecele 55-66 9,000-16,000 
Fie OO EERO ara RR byes 10,000-20,000 
PAE teases ahah atm, Aare ote, cel spelettee taps 42-55 8 ,000-12,000 
PPMP Sites stacsieisiastiann ies ecru shelshens vee 58-60 7,500-11,000 
General Service (A and PS bulbs)............0000005 13-22 750-1 ,000 
BAR SB) bulbs)inciccstaecrs ccraetee ore 10-18 750-2 ,000 
Muartzlinestiaspolbs) jer ae mrt. cvaiais fei ovesd ccs erdigvaters’s 6 22-21 2,000 
95 0 CO OUI SOE OPE EEL DODO eon adits 50-2 ,000 
MPP chats Pesos Tous ousle lovers ahevalecs: ease als 24-48 12,000 
WR Raa Mech taco shat iin: Womialcayididey eval 45-56 12,000 
son Seas eee eee 49-60 12,000 
+ coches ence Eee ee eee 44 6,000 


* Based on lamp wattage only, not including watts consumed by ballast or transfarmer. 


ACH TYPE of light source can be further ‘classified, as shown above. 
re factors normally used in selection of light sources, “lumens per watt’’ and 


rated life,’’ are given in this table for quick reference. 


Influencing Factors in Light Source Selection 


Factor 


Color 


Efficiency 


Rated Life 


Light Output 


Physical 
Characteristics 


Electrical 
Characteristics 


Optical 
Characteristics 


Cost 


Influence on Selection . 


Spectral quality of light produced affects how objects or areas to be 
lighted will appear. 


Light output in lumens and power consumed provides a measure of the 
light source efficiency, in lumens per watt (L/W). 


Measured in hours of operation, or “burning hours”. 
Affects frequency of lamp replacements, and lamp cost. 


Measured in lumens. The higher the light output of individual lamps, 
the smaller will be the number of lamps (and luminaires) required to 
provide a specific lighting level. A convenient measure of total light 
produced by a lamp during its rated life is “billion lumen hours” (BLH). 


The size and shape of a light source can influence over-all lighting costs, 
appearance of the lighted system, luminaire brightness, light distribution, 
and other similar factors. 


Wattages, voltage ratings, electrical operating characteristics, and other 
similar factors influence light source selection to some extent. 


Light sources are of four general types: point, line, area, and “diffuse” 
point sources. 


Economic considerations include “over-all cost of light,” and the cost of 
the lamp only is usually minor when compared to cost of power consumed, 
labor cost for replacing burned-out lamps, and other similar items. 


Two of 


Electric light is used for either 
of two purposes—1) to supplement 
or replace daylight, especially for 
utilitarian needs where light is 
needed to see by; and 2) to create 
an attractive appearance, or decora- 
tive lighting effect. 

In selecting light sources for any 
lighting application, it is appropri- 
ate to consider many factors. It is 
difficult to classify these factors, 
and to distinguish between engi- 
neering factors, on the one hand, or 
practical physical consideration, on 
the other. In general, both engi- 
neering and physical factors must 
be considered. 

Currently, there are three types 
of light sources in practical use— 
incandescent, fluorescent, and mer- 
cury. In the category of special ap- 
plication, there are also electrolumi- 
nescent, black light, and possibly 
others. There are different types of 
light sources within each of the 
three basic types (incandescent, 
fluorescent, mercury), and typical 
groups are listed in the table 
“Types of Light Sources.” 

Some of the main factors to be 
considered are given in the table 
“Influencing Factors in Light 
Source Selection.” It may be noted 
that all factors relate, either di- 
rectly or indirectly, to cost. For 
example, efficiency, rated life, and 
light output relate directly to cost. 
Even so, cost per se is not always 
a final determining factor. Instead, 
it may be considered as a measure 
of the over-all practicability of one 
type of light source versus another, 
with the individual factors listed 
still having an influence all their 
own. 

Consider the light output for an 
individual lamp, for example. This 


¢——Per cent surviving 
100 


15 


50 


25 


0) 
OF 20) 4060. (BO 100)" 120-- 1140 
Per cent of rated life 


LAMP LIFE data are available for the 
different types of lamps, and mortality 
curves such as the one shown above can 
be used to determine economical group 
lamp replacement schedules. 
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factor is used to establish the num- 
ber of lamps of a specific type that 
will be required to light an area of 
a specific size, and also to determine 
the number of luminaires used. The 
greater the light output of the in- 
dividual lamps, the fewer will be 
the number of lamps required, for 
a specific lighting level; also, the 
fewer will be the number of lu- 
minaires required. In this example, 
the factor of light output for a 
lamp is influencing not only lamp 
costs, but also luminaire costs, for 
the entire lighting system. Most of 
the light source factors therefore 
have influence beyond the selection 
of the lamps only. 

Light source efficiency, measured 
in “lumens per watt” (initial and 
“mean’’), is an important factor be- 
cause of its impact in areas beyond 
the mere act of the picking out of 
a suitable type of light source. The 
“lumens per watt’ will have a di- 
rect effect upon the amount of elec- 
tric power consumed, hence on the 
annual operating cost of the light- 
ing system. Also, the “Jumens per 
watt” will influence the amount of 
heat generated by the lighting sys- 
tem, hence the amount of air condi- 
tioning required to provide a ther- 
mally comfortable environment. 

Recently a new reflector filament 
lamp has been announced which re- 
duces the heat inherent in its light 
beam, by dissipating the heat from 
the light beam through the special 
reflector back. This: heat removal 
would thus be a factor in selecting 
a light source required to light a 
meat display, confectionery counter, 
or similar area. 

The cost of lamps only is of 
minor consideration in the cost of 
producing light. In practice, the 


300-WATT PAR-56 REFLECTOR 
SPOT AND FLOOD LAMPS 


HEAT is removed from the light beam of 
a new type reflector lamp by means of a 
special reflector coating. This makes 
the lamp applicable for use over meat 
counters and similar areas. 
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waL 
Standard Fluorescent Lamps ne 


Burnouts Light Outputt Brightness 
Lamp Per Initial Approx. Mean (Foot- 
Designation BLH* Lumens L/wt Lumens L/wt Lamberts) 
For Preheat Circuits (Starters Required) cs 
FASTI2/ CW eons 230 700 46.7 580 38.6 1500 — 
F20TT2/GW sete 146 1080 54.0 915 45.8 1600 © 
F25712/33/EW. sn 95 1650 66.0 1400 56:0 \ 
FIOM CW it eeecctr 28 5750 64.0 4700 52.2 2300 
For Rapid Start Circuits i 
F30T12/RS/CW..... 82 1850 61.7 1630 54.3 1909 ‘ 
For Preheat and Rapid Start Circuits 
F40T12/54/CW..... 51 2900 72.5 2600 65.0 2200 
F40T12/3/CW..... 30 3100 77.5 9750 68.7 2350) 
For Instant Start Circuits | 
FAOTI2/IS/CW...... 57 2650 66.4 2350 58.9 2060 { 
FAOTI7/IS/CW...... 56 2650 — 66.4> 2400 60.0 1150 
F36T12/CW.. 4... 90 1700 56.6 1480 49.4 2100 © 
FAB 12/6 Wien ovens 58 2600 66.6 2280 58.5 2100" 
F721 22/6 Wak otis ae 37 4100 73.1 3640 65.0 2100 5 
FROTI2/CWr arse errs 22 5600 75.7 5050 68.3 2100 
800 Ma Circuits (No Starters) 
F48T12/HO/CW.... 45 3500 58.4 2980 49.6 2800 
F72T12/HO/CW.... 28 5550 65.4 4700 55.3 2800 — 
F96T12/HO/CW.... 17 7900 Tore 6700 63.7 2800 © 
1500 Ma Circuits (No Starters) ; 
FA8PGI7/CW...... 24 6900 62.8 5550 50.4 
F6OPGI7/CW...... 19 8900 65.7 7100 52.6 
F72P.Gil7i/'C Wale oobi 15 10900 68.2 8700 54.4 
F9SPGI7/CW....... 11 15000 70.0 12000 55.8 ; 


NOTE: Above technical data based on published information of one light source manufacturer only, 
Users should check the technical data of the manufacturer whose products are being considered. 
* BLH = Billion Lumen Hours. Burnouts are based on rated average lamp life at 3 burning hours 
per start (see “Fluorescent Lamp Life” table), and approximate mean lumens at 40% of rate 

average life. 

j Lumen values used are for Cooi White lamps. 
colors of lamps. 

+L/W—Lumens per watt, based on lamp wattage only. f 


t 
: 


i 
’ 


Check manufacturers’ published data for other 


Approximate Life of Fluorescent Lamps 


(Hours of Operation, Under Specified Test Conditions) 

, Type Hours Per Start Coon 

Lamp Type Circuit 3 6 12 Operation 

FAO Moy eilaiet nretetctnd eons Rapid Start 12,000 14,000 16,000 20,000 © 
Newt SS Lead 8,000 9,000 9,500 12,000 

Lag 10,000 11,000 12,000 15,000 

Oldt SS Lead 5,500 6,000 6,500 8,500 4 

lag 6,500 7,000 8,000 10,000 | 
£40/54. 20x, Misa sees. Rapid Start 10,000 12,000 15,000 20,000 
New? SS Lead 9,000 10,000 11,000 13, 500 

Lag 11,000 12,000 13,000 18,000 — 
Oldi SS Lead 8,000 9,000 9,500 12,000 
Lag 10,000 11,000 12,000 15,000 
96" TD Slitlines ete aanheecess ease eee 9,000 11,000 13,000 16,000 
96" TQ ON800 mal) ae cept eee acts cette 9,000 11,000 13,000 16,000 
All Power Groove (15 ma)...........2+e000- 7,500 8,000 9,000 11,000 


* Best value for all 40-watt rapid start, and most 40-watt starter-type installations, 
1 Switch start (starter-type) ballasts manufactured after 1954. 
t Switch start (starter-type) ballasts manufactured in 1954 or earlier. 


Interchangeability of Fluorescent Lamps 
(40-Watt T12 Medium Bipin Types Only) 
BALLAST TYPE 
Rapid Start* Preheat Start* 


Type of Lamp Instant Start* 


Instant’ Starttqcc cas merece neprecieactetes O. K. Do Not Use Do No? Use 
Preheat Starnhso. cic bk ute te eae oe Do Not Use ___— Poor Starting oO. kK; 
Preheat-Rapid Stact®.. >. 22.0) aes ee Do Not Use 0... 0. 


* These three lamp types all have the same physical characteristicc—T12 tubes and medium 
bipin bases—hence, they are physically interchangeable. However, ballast characteristics 
vary, and care should be used to prevent installation of wrong type of lamps on specific 
ballast circuits. 
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umen Depreciation of Fluorescent 
Lamps 


vi 
| 


! 
“ 
1 
Lj 
t 
| 
1 
L 


Bd ea EE 
0 2 4 158 10 12 
Burning as (thousands) 


IGHT OUTPUT of fluorescent lamps de- 
reases as the number of hours of burn- 
1g increases. Curve A represents per- 
ormance of most good quality fluorescent 
amps of the more popular types used 
or general lighting, while curve B repre- 
ents performance of about one-fourth 
f the lamp types which are of less effi- 
ient design. 


ost of the lamp bulbs only averages 
bout 10% of the cost of the power 
onsumed by the lamps. A cost-of- 
ight calculation to determine the 
‘unit cost of light” of one lamp ver- 
us another is therefore useful. The 
‘ollowing formula has been devel- 
yped to provide such a “unit cost of 
ight,” based on “dollars per mil- 
ion lumen-hours.” 


Cost = ne (wr + R), where 


= eres lumens per watt throughout 
ife 
ie panes watts consumed throughout 
ife 
i = Average lamp life, in thousands of 
hours 
= Net cost of lamp installed in socket, 
in cents 
% = Cost of electrical peoreyy2 in cents per 
kilowatt-hour. 


> 


Fluorescent Lamps 


There are several factors, both 
favorable and unfavorable, which 
iffect selection of fluorescent lamps 
for a lighting installation. 

On the favorable side are such 
factors as high efficiency, long life, 
ow lumen depreciation throughout 
ife, low heat output per footcandle 
of illumination, high diffusion of 
ight output, low operating cost, and 
iow unit cost of light. 

On the unfavorable side are such 
factors as a characteristic cool 
(blue-green) color quality, lamps 
are large in physical size for the 
amount of light produced by each 
lamp, they require a “ballast” for 
operation (which is heavy, bulky, 
and consumes additional electric 
power), and lamps are sensitive in 
light output to ambient tempera- 
ture variations and air drafts. 


Light output efficiency of fluores- 
cent lamps varies from about 45 to 
70 lumens per watt, including power 
consumed by the ballasts, and lumen 
depreciation ranges from about 
17% to 25% at 7,500 hours of burn- 
ing. Rated average life ranges from 
about 7,500 hours at three hours 
per start to 20,000 hours for some 
types when operated continuously 
(see “Rated Average Life” table). 

The low heat output per footcan- 
dle results from the high efficiency 
of the lamp, and is an important 
factor when considering lighting 
heat loads that must be dissipated 
by building cooling systems, espe- 
cially where high lighting levels of 
150 to 200 footcandles and above 
are involved. 

While fluorescent lamps are con- 
sidered as “line” sources of light, 
the “line” varies from 1 in. to over 
2 in. in diameter. This provides a 
high diffusion of the light, which is 
also usually further diffused by 
light control devices in the lu- 
minaire. This factor also makes 
fluorescent lamps a logical choice 
where high levels of well diffused 
illumination are needed for draft- 
ing rooms, offices, classrooms, in- 
dustrial production and assembly 
areas, supermarkets and similar lo- 
cations. 

The high efficiency of fluorescent 
lamps also means that power con- 
sumption is low, and this Jeads to 
low operating cost for the lighting 


system. This also contributes to the 
low unit cost of light. 

The color quality of fluorescent 
lamps is characteristically “cool,” 
or lacking in red. This results from 
the strong blue and green “line 
spectrum” of the mercury in the 
fluorescent lamp, and the relative 
weakness of the light from the acti- 
vated phosphors in the lamp. Im- 
provements in color quality through 
use of different phosphors result in 
the lowering of efficiencies, but 
where color appraisal is important 
in the lighted area, the less efficient 
color-improved lamps may be de- 
sirable and practical. 

The size and shape of fluorescent 
lamps dictate the general design 
and appearance of fluorescent lu- 
minaires and make difficult the 
incorporation of individualness in 
luminaire designs. The low light 
output per lamp also means that 
several lamps are required per lu- 
minaire where higher lighting 
levels are needed. The fact that bal- 
lasts are also required to operate 
the fluorescent lamps means that 
the luminaire designer must also 
conceal and support the ballasts in 
the luminaires, further restricting 
the design flexibility of fluorescent 
luminaires. 

Notwithstanding these adverse 
factors, the economies which result 
from the higher efficiency of flu- 
orescent lamps, from their long life, 
and from their reduction in heat 


Standard Incandescent Lamps 


Burnouts Light Outputt 
Lamp Description Per Initial Approx. Mean 

Watts Bulb BLH{.- Lumens L/W Lumens L/W 

75 A-19 1,150 15.3 1,090 14.6 
100 A-19* 1,750 17.5 1,640 16.4 
150 A-23 2,700 18.0 2,500 16.6 
200 PS-25 375 3,820 19.1 3,560 17.8 
300 PS-30 254 6,000 20.0 5,250 17.5 
300 PS-35 225 4,800 16.0 4,450 14.8 
500 PS-40 114 9,900 19.8 8,800 17.6 
750 PS-52* 65 16,700 22.3 15,500 20.7 
1000 PS-52* 46 23,300 23.3 21,600 21.6 
1500 PS-52 35 33,000 22.0 28 , 500 19.0 
750 T-24 77 14,200 18.9 13,000 17.4 
1000 T-24 56 20,000 20.0 17,800 17.8 
500 R-52 71 7,850 15.7 7,050 14.1 
750 R-52 48 12,700 16.9 10,500 14.0 
1000 RB-52* 35 18,000 18.0 14,400 14.4 
550 R-57 8,100 14.7 

800 R-57 13,500 16.9 
1000 R-57 16,300 16.3 

500 T-3 48 10,500 21.0 10,400 20.8 
1500 T-3 15 33,000 22.0 32,600 21.7 


* Coiled-coil axial filament lamps. 
+ BLH = Billion Lumen Hours. 
average life. 


ft Lumen values as published by one manufacturer of light sources. 


Burnouts per BLH are based on approximate mean lumens and rated 


Light output for specific lamps 


should be checked with manufacturer whose product is being considered. 
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Lumen Depreciation of Filament 


Lamps 
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FILAMENT LAMPS decrease in light 
output from 100% initially to about 
82% at full rated average life. Curve 
shown is average for general service 
lamps. Rate of depreciation may vary 
for many reflector type and special ap- 
plication lamps. 


produced by the lamps and ballasts, 
are of such magnitude that they 
outweigh the adverse factors, and 
the popularity of fluorescent lamps 
continues to increase. 


Incandescent Lamps 


The incandescent lamp is subject 
to the same selection criteria as 
other types of lamps. Thus, it has 
several factors which show it up as 
a poor selection for many areas re- 
quiring medium to high levels of 
general illumination. These factors 
include: low efficiency, short rated 
average life, high lumen deprecia- 
tion rate (except for quartz-iodine 
lamps), and high lamp replacement 
labor cost—because of the relatively 
short lamp life. 

On the other hand, incandescent 
lamps remain popular for many 
lighting applications, and are pre- 
ferred to other types of lamps for 
certain specific lighting require- 


ments. These preferences are based, 


on such factors as: good. spectral 
color quality, high light output 
from a small-sized lamp, excellent 
light-control features for special 
lighting applications, and full re- 
sponse to simple dimmer control. 
Incandescent lamp _ efficiencies 
range from about 15 to 22 lumens 
per watt, as compared with 45 to 
70 lumens per watt for fluorescent 
lamps. Rated average life varies 
from 750 to 2500 hours for general 
service type incandescent lamps 
(see table). This compares with 
life ratings of 6,000 to 20,000 hours 
for fluorescent lamps, and 3,000 to 
12,000 hours for mercury lamps. 
Lumen depreciation occurs at a 
nearly constant rate to about 82% 
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Rated Average Life of Incandescent Lamps 


Type of Lamps 


General Service Lamps: Small wattage lamps up to and including 300 wa tts, with 
medium screw sockets, in types A and PS bulbs.........-. +2. 5-2 ses seers 
General Service Lamps: Mogul-base socket lamps, PS bulbs, from 300 to 1500 


Lumiline Lamps: 30, 40, 60 watts........... 


fo 


Projector, Reflector and Quartzline: PAR- and R-type lamps, and 500 and 1500- 


watt quartz-iodine lamps............-.- 


Extended Life, Special Service Lamps: 25-to 1500-watt lamps, designed for longer 


life but with reduced light output......... 


Source: Lamp manufacturers’ bulletins. 


of initial light output at end of 
rated life in high quality lamps. 
An exception to the ineandescent 
lamp lumen depreciation feature is 
in the quartz-iodine lamps, where 
lumen depreciation is held to about 
2-3% throughout the life of the 
lamp. 

Incandescent lamps are “point 
source” types of lamps, except for 
quartz-iodine lamps, which are “line 
source” types of lamps. Thus the 
light from the filaments of incan- 
descent lamps can be quite accu- 
rately controlled. In general-service 
lamps, the glass bulb is inside 
frosted to diffuse the light from the 
bright filament point. But in re- 
flector and projector type lamps, 
advantage is made of the point 
source of light and beam patterns 
of light distribution are created for 
a wide variety of special lighting 
applications. As would be expected, 
when special patterns of light dis- 
tribution are required, this require- 
ment overrides other considerations 
and the specific incandescent lamp 
meeting the requirements is se- 
lected. Filament lamps also lend 
themselves effectively to a wide va- 
riety of luminaire designs, for all 
types of lighting application. Many 
incandescent luminaires are of the 
low cost type, and permit low “first 
cost” lighting installations. Incan- 
descent units may also be of the or- 
namental or decorative type. 

Incandescent lamps remain the 
popular choice for residential light- 
ing, and for such other applications 
as the lighting of restaurants, ho- 
tels, motels, auditoriums, beauty 
parlors, theatres, stages, pools and 
fountains, etc. A major reason for 
this popularity is that the spectral 
color quality of incandescent lamps 
is pleasing to the eye, and flattering 
to complexions, foods, and people. 
Incandescent lamps are. easily 
dimmed, and may therefore be used 
with color filters and dimming con- 
trols for spectacular and decorative 
lighting effects. 


Rated Life 
(Hours) % 
750 
ao Fa Wl aferlal alle etnies fee alee Ne pate eeiaainee 1000 ‘ 
ways a hy SNE ee ce ee 1500 
RL eras mao es - 2006 
led d-dh at ote eye eis eae een 2500 
Mercury Lamps a 


The mercury lamp is a gaseou 
discharge type of lamp, and pri 
duces light as a result of a currer 
passing through a gas or vapor ul 
der pressure. It requires a balla 
to control the current through tl 
lamp. Correct voltage is essenti 
for its proper operation, and shou. 
be kept within 5% of its basic d 
sign. The ballast requires a warn 
up period of from four to seve 
minutes, to permit the lamp vol 
age and current to stabilize, ar 
for the lamp to reach its full lig! 
output. Power interruptions | 
more than a few cycles, or seve! 
voltage drops, will cause the lar 
to go out. Restarting of the lan 
will require slightly longer than t1 
original warm-up and starting p 
riod. Thus mercury lamps opera 
somewhat sensitively, require ba 
lasts, and clear lamps produce 
light energy in the characterist 
mercury yellow-green and blu 
violet portions of the visible spe 
trum. 

These critical gaseous dischars 
lamp features may all be considere 
as negative factors in the selectic 
of light sources for a lighting a 
plication. However, mercury lam] 
also have some advantageous fa 


Lumen Depreciation of Mercury 
Lamps 


Per cent lumens 
00; 


Burning hours (thousands) 


LUMEN OUTPUT of 400-watt mercu 
lamps remains relatively high throug 
out life, while that of 1000-watt lam 
drops to from 60 to 80% of initi 
value, 
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| 
Drs which should also be consid- 
red. 

For example, mercury lamps are 
sed for general lighting of fac- 
ories, and of streets and highways, 
nd for area lighting, floodlighting, 
ecorative lighting and similar ap- 
lications where color quality of the 
ight produced is not too important. 
“he lamps are available as clear, 
ihosphor-coated, tinted and _ re- 
lector types. 

The luminous efficiency of mer- 
ury lamps is two to three times 
hat of general service incandescent 
amps, and ranges from 35 to 60 
umens per watt initially. These 
amps are also rated at up to 12,000 
lours when operated for five or 
nore burning hours per start. The 
opular sizes of lamps are 400, 700 
ind 1000 watts. Thus the total init- 
al lumens per lamp range from 
bout 18,000 to 59,500, and up to 
[32,000 lumens for a 3-kw lamp. 
This feature of high light output 
ser lamp permits the lighting of 
relatively large areas with a single 
reflector unit, and contributes to an 
yver-all low cost per footcandle per 
sq ft. It also contributes to eco- 
10mical electrical system design. 

While the color quality of mer- 
sury lamps is too poor to be con- 
sidered in a lighting application 
where color discrimination is in- 
volved, the phosphor-coated and 
‘inted lamps greatly improve the 
olor of the bluish-green light of 
the straight mercury lamp. Also, 
the distinctive color of many of 
these lamps, especially the yellow 


The use of lighting dimmers is 
growing, and is undoubtedly being 
spurred by the introduction of low- 
cost units for residential applica- 
tions, which essentially replace the 
usual wall switch. Dimmers add un- 
limited flexibility to lighting conz- 
trol, and make it possible to create 
environmental change, atmosphere 
and mood, through lighting inten- 
sity variation and spectacular color 
blending. Dimmers are available in 
a variety of sizes and types, rang- 
ing from a simple 500-watt device 
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Standard Mercury Lamps 


Burnouts 
Lamp Deseription Per 
Watts Bulb ASA Code BLH* 
100 BT-25  H38—4HT 27 
175 BT-28 H39-22KC/W 12 
250 BT-28 H37-5KC/W 7.7 
400 BT-37. H33-IGL/W 4.1 
400 R-52  H33-IDN/W 4.0 
425 BT-37.  -H17LB/C 5.0 
700 BT-46 H35-18ND/W 2.4 
1000 BT-56 H36-15GW/W 1.8 
1000 BT-56 H34-12KY/W 1.8 
3000 T-9Y%2 H 9-FJ 1.5 


* BLH = Billion Lumen Hours. 
mean lumens, and rated average life. 


Light Outputt 
Initial Approx. Mean 
Lumens L/wt Lumens L/Wt 
3,650 36.5 3,100 31.0 
7,700 44.0 7,000 40.0 
12,000 48.0 10,900 43.6 
22,500 56.2 20,400 51.0 
22,500 56.2 20,600 51.5 
20,500 48.3 16,600 39.1 
40,000 57.2 34,400 49.4 
60,500 60.5 47 ,000 47.0 
56,000 56.0 47,000 47.0 
132,000 44.0 108,000 36.0 


Burnouts per billion lumen hours calculated, based on approximate 


} Light output is based on initial and approximate mean lumens as published by one light source 
manufacturer. Users should check the technical data of the manufacturer whose products are being 
considered, for specific types of lamps other than those shown. 

L/W = Lumens per watt, based on lamp wattage only. 


Rated Average Life of Mercury Lamps 


Type of Lamps 


Rated Life* 
(Hours) 


General Lighting Service Lamps: PAR-38, BT-25, BT-28, BT-37, R-52, R-57, BT-46, 


and BT-56 type bulbs (100 to 1000 watts). . 
3000-watt T9'% bulb lamp...........-.-5-- 


* Rated average lamp life is based on 5 or more burning hours per start, with ballasts which 
meet published specifications, and with lamps operating in a vertical position. 


lamp, can be used functionally and 
to advantage in some applications. 
Further, by combining incandescent 
and mercury lamps in the same 
lighting installation and in the 
same area, two advantages result. 
First, the incandescent lamps will 
continue to function when mercury 


which installs in a standard wall 
switch, to large capacity units re- 
motely controlled from a console. 
Basic types, according to electrical 
circuit elements, are listed in the 
accompanying table. 

The resistance dimmer is the 
simplest of all types, and consists 
simply of a variable resistance in 
series with the load (see drawing). 
The voltage drop across the resist- 
ance is dissipated as wasted heat. 
This makes it expensive to operate. 
Its first cost, however, is small, 


lamps go out due to severe voltage 
drop or an instantaneous power in- 
terruption. And second, the pre- 
dominantly orange-red light energy 
of incandescent lamps will supple- 
ment the mercury lamp bluish-green 
light, and greatly improve color 
quality of resulting illumination. 


and it can be used on de as well as 
ac circuits. 

With the inductance-type dim- 
mer, the voltage dropping phe- 
nomenon of inductance is employed 
The circuit arrangement is similar 
to that of the resistance dimmer, 
except that the dimming element is 
an inductor in place of a resistor, 
and is also connected in series with 
the lamp load. This type of dim- 
mer will operate properly only over 
a rather limited load range. In 
general, its. disadvantages out- 
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ns ne 
Basic Types of Lighting Dimmers 


Basic Type Features 


nee EEEEEEEEEEEEEEEEREEEEEEEEREREREEREEEEEEE 


Resistance 


AC or DC operation. Lightweight. Low first cost. High loss 


High heating. Expensive to operate. 


Inductance 


Electronic Tube 


Great flexibility in remote control. 


Low loss. Low power factor. Noisy. Load sensitive. AC only. 


Versatility in master- 


control. AC only. Expensive. Complicated circuitry. 


Adjustable Auto- Low loss. 


transformer Dimmer 
Saturable Core 


Reactor, DC Control master control. 


‘Magnetic Low loss. 
Amplifier Short time constant. 
Silicon 

Controlled 

Rectifier 


dimming. 


Moderate cost. 
bility for large power loads. 


Good regulation. 


Insensitive to load. Wide flexi- 
AC only. 


Low loss. Great flexibility in remote control. Versatility in 
Expensive. 


AC only. 
Flexibility in remote control. 
AC only. 


Control is instantaneous. No warm-up period required. Can't 
be overloaded. Small size. No cooling required. Low voltage 
control. Linear dimming. AC only. Highly efficient. Stepless” 


EEE 


weigh its advantages, and its use 
is not generally justified. 

The adjustable autotransformer 
dimmer is a single-winding cylin- 
drical-shaped transformer ‘which 
produces smooth, flickerless dim- 
ming from blackout to full bright- 
ness of the lamps. It has excellent 
regulation, is highly efficient, and 
hence has negligible heating. It can 
be operated either manually or mo- 
tor driven. It may be used for dim- 
ming either incandescent or fluores- 
cent lamps. It is insensitive to load 
variation. 

Electronic dimmers are available 
in four types: electronic (Thyra- 
tron) tube, tube-controlled satur- 
able reactor, magnetic amplifier, 
and silicon-controlled rectifier. All 
are basically similar in their cir- 
cuitry. 

Thyratron dimmers provide al- 
most instantaneous response to con- 
trol changes, greater flexibility for 
remote control, and versatility for 
mastering or grouping. The tubes 
require a warm-up period, however, 
and changes in tube characteristics. 
necessitate constant adjustment. 

A new 2-piece dimming unit for 
incandescent or fluorescent lamps, 
utilizes the saturable core reactor 
principle. In this unit, the imped- 
ance of a reactor is varied by con- 
trolling the amount of direct cur- 
rent fed to a control flux-saturating 
winding on the reactor core. One 
part of the unit is a small control 
pack with a rotary handle, for ready 
mounting in a standard switch box. 
This control unit is simply con- 
nected to the reactor assembly 
which can be mounted in any con- 
venient, out-of-the-way place, e.g., 
in a closet, in the ceiling, etc. 

The magnetic amplifier dimmer, 
making use of new magnetic mate- 
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rials and improved rectifiers, con- 
tains various feed-back and com- 
pensating windings in addition to 
the control and power windings. 
These make it possible to control 
large amounts of power with very 
small-sized control circuits. 

The controlled rectifier system 
dimmer is the newest development 
in dimming. Basically, its circuitry 
is the same as that of the electronic 
(Thyratron) tube and magnetic 
amplifier. It uses silicon-controlled 
rectifier devices as a means of 
power control. These controlled rec- 
tifiers replace the Thyratron tubes 
in the magnetic amplifier circuit, 
and affords all the advantages of the 
magnetic amplifier and tube-type 
dimmers, plus the advantages of 
compact size and minimum main- 
tenance. 

The current trend to low-wattage 
wall-mounted dimmers for use in 
residences began with a 360-watt 
autotransformer dimmer which 
could be installed in the standard 
2-in. by 4-in. studded walls of the 
typical home. Connected as an ad- 
justable autotransformer, it could 
be used for incandescent or fluores- 
cent dimming. Connected as an ad- 
justable reactor, it could be used 
for dimming of rapid start hot- 
cathode fluorescent lamps. 

More recently, several makes of 
dimmers have been announced for 
residential use. These range from 
“high, low, off” arrangements to 
silicon-controlled rectifier units for 
500-watt and 600-watt circuits, 
which are small enough to fit into 
standard wall switch boxes and pro- 
vide stepless dimming from full 
blackout to full brightness. These 
units are relatively inexpensive, 
and are ideally suited for light con- 
trol in homes. 


Resistance Dimmer 


Resistance 


SIMPLEST of all dimmer circuits is tha 
of the resistance dimmer. Resistance | 
in series with the lamp load. ) 


Autotransformer Dimmer 


: 
P 


VOLTAGE is varied on the transforme 
principle in the autotransformer dimme 
circuit, which will operate a wide rang 
of lamp loads efficiently and withot 
heating. | 


Controlled Rectifier Dimmer: 


L) 


Legend: 

F- Protective fuse 

R- Silicon-controlled rectifier 
T- Control amplifier 

P- Dimmer control potentiometer 


BASIC CIRCUIT for a silicon-controlle 
rectifier dimmer is shown. Control inpt 
is completely isolated from power inpu 


Light Output Curve for Dimmer 


;——Percent of light intensity 
100 


80 


{ 20.3 9@ 45 6 ea 
Potentiometer control settings 


RESPONSE of light intensity to control « 
a_ silicon-controlled rectifier dimmer 
shown in Curve B, It approximates tk 
theoretically linear response of light i1 
tensity as related to the potentiomet 
scale, shown by Curve A. 
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| Fluorescent and mercury lamps 
are electric discharge devices 
which cannot be connected directly 
to an electrical circuit in the simple 
manner used for incandescent 
lamps. Instead, they require a “bal- 
last,” a device for providing regu- 
lated voltage and current for start- 
ing and operating the lamps. The 
electrical design characteristics of 
this device must match precisely 
the electrical requirements of the 
‘specific lamp it has been designed 
‘to control and operate. These re- 
quirements vary with the length, 
diameter and construction of the 
lamps, and the gases used in the 
lamps. Thus, for the most efficient 
‘and economical operation of a spe- 
‘cific type of lamp, the correct type 
and size of ballast must be selected. 


Fluorescent Ballasts 


_ For fluorescent lamp operation, 
there are different basic types of 
ballast circuits, each having its own 
‘characteristics and features. These 
include: trigger start, preheat 
start, instant start (two types— 
lead lag, and series sequence), 


rapid start, dimming ballasts, and 
flashing ballasts. Ballasts are also 


=e BALLASTS 
‘& ACCESSORIES 


designed for operation on primary 
circuits of different voltages and 
frequencies, with a separate design 
for each specific voltage and fre- 
quency. In addition, ballasts are 
designed to operate either one 
lamp, or two lamps, and in certain 
cases, three and four lamps. Also, 
the design may involve uncorrected 
power factor, or high power factor. 

The selection of ballasts involves 
all of the above variables, which 
must be conformed with the elec- 
trical system design characteristics 


‘and the specific fluorescent lamp 


type (or types) which are involved 
on the specific lighting installation 
under consideration. 

In addition, there are many other 
important factors to be considered 
in selecting fluorescent lamp bal- 
lasts. A ballast should be chosen 
which is made by a reputable 
manufacturer, and which carries a 
Certified Ballast Manufacturers 
(CBM) label. This label means 
simply that the specific ballast de- 
sign has been tested and certified 
by Electrical Testing Laboratories, 
to determine if it meets CBM speci- 
fications and/or ASA standards. 

Individual manufacturers nor- 
mally rate their own ballasts for 


Data on Typical Fluorescent Ballasts 
(For Use On 60-Cycle, 120-Volt Circuits 


Lamp Description Line W atts Consumed 
Number and Lamp Current By Per 
Type Lamps Current (ma) (Amps) Ballast Lamp* 
PREHEAT START (Starters Used) 
Ber OT U2. kisteie [esate cis/sjoseies + 330 32 8.0 19.0 
Beer OM P2Y were Mer te rstainud cles Sines 380 42 10.0 25.0 
OT SLOUCIE oA 5.8 cGn%s clo pho Bier alana 350 70 17.0 38.5 
LOOP SE eg accnioctaus oe 430 85 18.0 49.0 
BRAG) OR i Sins ae ge 430 1.30 30.0 50.0 
DEUS SEs 5 On Bn biponmmcnee 1550 1.95 38.0 109.0 
RAPID START (No Starters) 
| RRO UIP Be ccs Oe ieee eran 430 .65 16.0 38.0 
BEAU 2 orton tiains ce sinislcicce's 430 80 12.0 46.0 
BAAD IRE, As sein Ane Oeears 800 1.80 35.0 102.5 
PPO OT 2 ace ey eae ale ors ee geod 800 2.15 35.0 122.5 
2-FO6PGI7. «2... eee eee eee eee 1500 3.90 30.0 230.0 
INSTANT START (No Starters) 
“RPP AS SY So 50'c SOROS OOO 425 1.20 25.0 69.5 
LATA EROS = Gos Soe ee 425 1.40 25.0 85.5 


* Lamp wattage plus proportional watts loss in ballast. 


Based on manufacturers’ literature. 
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sound, and where quiet ballast op- 
eration is a factor, quiet operating 
ballasts should be selected. Ballast 
case temperature should not exceed 
90°C for full ballast life. Tempera- 
ture is influenced by design of the 
luminaire in which the ballast is 
used, and thus luminaire design be- 
comes an indirect consideration in 
ballast selection. 

Ballasts are now available with 
either standard filling compound, 
or a special type of solid fill ma- 
terial that will not melt and drip 
under excessive heat sometimes en- 
countered in poor luminaire design. 
This is an important feature to be 
considered. Also, because of the 
heat problem, ballasts may be pro- 
tected thermally. Three methods 
are in general use. One method is 
to fuse the ballast circuit, which 
protects the ballast against over- 
current, which would cause ballast 
heating, Another method is ther- 
mal protection, in which a heat- 
sensitive device is put inside the 
ballast, adjoining the coils, which 
will break the circuit when over- 
heating occurs, then turn the cir- 
cuit back on when the temperature 
drops to a predetermined level. 
This method permits the problem 
which is causing overheating to be 
cleared up and the ballast to be con- 
tinued in use. The third method 
is also thermal protection, in which 
two heat-sensitive devices are used, 
one adjacent to the coils, and the 
other adjacent to the condenser. 
If trouble develops in a ballast or 
circuit protected by this method, 
one of the thermal devices will cut 
the ballast off the line, and the bal- 


Rapid Start Circuit for 
Two-Lamp Ballast 


Primary 
winding 


Capacitor 
ry windings 


STARTING and operation of fluorescent 
lamps may be controlled in different 
ways. As a result, ballasts are made 
based on different types of circuits. The 
rapid start circuit is fast becoming the 
most popular, Other circuits include the 
preheat start, instant start, trigger start, 
dimmer circuit, and flashing circuit. 


a by! 


last can be replaced after the 
trouble is located and cleared up. 
In selecting ballasts for a lighting 
application, one of these methods 
of protection, whichever seems ap- 
propriate for the project involved, 
should be adopted. 

Simple resistance ballasts are 
available for use on direct current 
in certain sizes and ratings for a 
limited number of types of fluores- 
cent lamps. Also, specially designed 
ballasts permit certain types of 
fluorescent lamps to be used with 
dimmers, or with flashers. 


Mercury Ballasts 


Transformers and reactors are 
available which have been specifi- 
cally designed for converting circuit 
voltages to meet mercury lamp op- 
erating requirements. There are 
types for both indoor and outdoor 
use, and for standard multiple cir- 
cuits of various voltages—such as 
115, 230, 277, 460 and 520 volts, 
also for series circuit operation. 
Transformers are usually of the 
single-lamp type, although two- 
lamp types are also available for 
the popular 400-watt size lamp. 

Correct voltage is essential for 
proper operation of mercury lamps, 
as wide variations in voltage have 
a severe effect on lamp perform- 
ance. Good practice is to keep volt- 
age variation within 5%. To help 
meet this problem, constant watt- 
age type transformers which regu- 
late lamp wattage, lamp current 
and light output within plus or 
minus 2%, regardless of wide line 
voltage fluctuations, have been 
made available. 

In selecting mercury lamp trans- 
formers, it is important to keep 
the above factors in mind, also to 
select a transformer designed spe- 
cifically for the size and type of 
mercury lamp involved. It is pos- 
sible to obtain a complete trans- 
former, including its metal hous- 
ing, or a core and coil assembly 
only. Also, the complete units in 
housing can be selected for any 
of a variety of types of mounting. 


* mogul prefocus. 


Single Lamp Transformer for 
400-Watt Mercury Lamp 


meek 


MERCURY lamps may be operated by any 
of several different circuits, each circuit 
having its own advantages and disad- 
vantages. Circuits include: high reac- 


tance, series capacitor, regulated output, — 


inductive, two lamp-lead lag, series cir- 
cuit with individual lamp transformers, 
and series circuit without lamp trans- 
formers. 


lighting, and for use in the lighting 
of streets, highways, bridges, tun- 
nels, viaducts, docks, marinas, etc. 
Also, mercury lamps are accepted 
as a standard method of indoor 
lighting in medium- and high-bay 
industrial areas. 


Lighting Accessories 


While fluorescent and mercury 
lamps require “ballasts” in order 
to control and regulate the opera- 
tion of the lamps, all types of light 
sources require wiring equipment 
accessories for their practical op- 
eration. These include _ sockets, 
lampholders, starter switches, etc. 

For incandescent lamps, sockets 
of various types, sizes, materials 
and construction are available. The 
popular types are: bayonet cande- 
labra—single and double contact; 
medium prefocus; screw _ shel]l— 
candelabra, intermediate, medium, 
three-contact medium, admedium, 
mogul, three-contact mogul; and 
For low wattage 
applications, brass shell sockets are 
used, but for base-up burning ap- 


plications and large mogul-bas¢ 
lamps, porcelain sockets are pre- 
ferred, The porcelain sockets may 
be installed in an outlet box cover, 
or in steel, brass or aluminum 
shells provided with pendent ory 
side outlets, threaded. 

Fluorescent lampholders are” 
available in a large assortment of 
methods of mounting, sizes, con-— 
figurations for the various lamp 
bases (miniature bipin, medium 
bipin, single-pin, recessed double ~ 
contact, mogul bipin, 4-pin, etc.) , | 
and turret arrangements. In gen- 
eral practice, luminaire manctale 
turers’ equip their luminaires witht 
the proper lampholders and fitting 
required for the fluorescent lamps 
for which the units are designed. — 
Thus selection of these accessory 
devices is not a problem, except to 
be sure that the proper types are 
supplied with the luminaires for 
the lamps which are to be used. 

Mercury lamps are designed for 
use with mogul screw base lamp- 
holders, and these are normally sup- 
plied by reflector manufacturers as! 
part of the reflector units. 


Luminaire Devices | 
Incandescent and _ fluorescent 
luminaires use various materials 
for controlling or diffusing the 
light from the lamps. In many de- 
signs, the user or specifier has a 
choice in these materials. For ex-, 
ample, in a weatherproof incandes- 
cent floodlight, the glass lens cover 
is available in clear or diffusing 
glass, or may be had for medium 
or wide beam spread, ete. Also, 
various colors of lenses are often 
available, for color lighting appli- 
cations. Here it is important that 
the glass be of the heat-resisting 
type, and that the color roundels 
have “purity” of color, for best 
lighting results. 
In fluorescent luminaire designs, 


Data on Typical Mercury Transformers 


i Lamp Primary Open Ckt. Input 

These include: pole top, aerial Type and Watts (No.) Voltage Voliage Watts 
mounting, or wall mounting, H37— 5— 250(1)............ 105/115/125 250 275 
bracket arm assembly, _ special 4 
hanger brackets for pole mounting, ne iy a Hi pine etayenysle’s Meaid thes a oe 
conduit suspension, etc. Had. 140TH ee 220/240/265/277 Same os Line Volts 420 

Through general practice over 433- 1— 400(2)............ 105/115/125 220 875 
the past several years mercury H33- 1— 400(2)............ 420/460/500 220 875 
lamps have been accepted for use 
in outdoor floodlighting applica- H35—18—" 7.00: (Vere aestarerera's 460 Same as Line Volts 740 
tions, such as parking lots, gasoline 434-12—1000 (1)............ 220/240/265/277 Same as Line Volts 1050 
service stations, building flood- 36-15—1000(1)............ 460 Same as Line Volts 1030, 
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| ae types of diffusing .and 
shielding devices are usually made 
jivailable for each luminaire type. 
; hese usually consist of plastic dif- 
users (vinyl, acrylic, prismatic), 
ylass (diffusing, surface textured, 
wismatic), or metal or plastic lou- 


| In selecting the luminaires and 
lighting equipment for any lighting 
system, regardless of the end use 
application, the first consideration 
is one of engineering aspects. The 
lighting system must provide the 
proper quantity, quality and light 
distribution patterns needed for the 
specific lighting requirements in- 
volved. Otherwise, the lighting 
‘system will not solve the specific 
lighting problem satisfactorily. 
Some of the principal factors in 
evaluating luminaries are listed in 
the table “Selection Factors for Re- 
sessed Luminaries.” It should be 
noted that most of these factors also 
apply generally to all types of 
luminaires, regardless of type of 
mounting. Thus this discussion will 
cover all of the factors involved in 
selecting luminaires and lighting 
equipment, without regard to its 
‘generic classification. 


in selecting lighting equipment for 
any application is that of the type 
of light source to be used. Gen- 


Selection Factors for 


Factor 
Light Source 


Light Output 
Size of Luminaire 


The first decision normally made 


vers. Metal louvers may be either 
white enameled steel, or aluminum 
in white, diffuse, or semi-polished 
surfaces, and of varying configura- 
tions and cell sizes. Plastic louvers 
are also available in a wide range of 
configurations and design patterns. 


Bee LUMINAIRES 


erally, existing practice can be re- 
lied on in making this decision. 
However, it is still a good idea to 
make some preliminary studies in 
which one light source is compared 
with another, in order to determine 
the relative first cost and operating 
cost of the various lamps, and other 
relative advantages of each type of 
lamp. 

For example, current general 
practice is to use fluorescent light- 
ing in general office areas, drafting 
rooms, school classrooms, low-bay 
industrial areas, banks, and for 
general lighting in stores, etc. A 
major reason for this is the in- 
herent high efficiency and relatively 
satisfactory color quality of flu- 
orescent lamps for these areas. 

It is also current general prac- 
tice to use incandescent lighting in 
homes, hotels, motels, restaurants, 


_ cocktail lounges and bars, reception 


rooms, and similar areas. The color 
quality of incandescent lamps, 
which is characteristically warm 
and cheerful, resembling that of a 


Recessed Luminaires 


Description 


Type, number, and size of lamps. 
Initial lumens. 
Size of unit (inches), including width, 


length and depth. 


Type of material, gauge of metal, construc- 


tion features, mechanical rigidity. 


Panel Frame 


Material and construction of panel frame, 
or door. 


Hinged or lift-in? Concealed 


hinges and catch? 


Light Control 


Type of control 


device — diffusers or 


louvers (shields). Glass, plastic, metal. 


lampholders, sockets, 


How is luminaire cleaned and relamped? 
Rustproofing, final finish. 


Accessories Type of ballast, 
wiring, etc. 

Maintenance 

Finish 

Appearance 


Lighted, and unlighted. Range of bright- 


ness contrast when lighted. 
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In selecting the shielding or diffus- 
ing media, consideration should be 
given to lighting efficiency, ease of 
maintenance, brightness control in 
the direct glare zone (45° to 90° 
from vertical), and appearance, 
both lighted and unlighted. 


flame or torch, is ideally suited to 
these areas, and psychologically ap- 
propriate. Lighting efficiency, or 
light output per watt of electric 
power used, is relatively low, about 
one-third that of fluorescent lamps. 
Thus color quality of the light pro- 
duced is considered to be more im- 
portant in these areas than effi- 
ciency, or economy. 

Mercury lamps are considered 
standard practice for industrial 
lighting, especially for medium and 
high bay areas, and for outdoor 
area and sports lighting applica- 
tions. Mercury lamps are almost as 
efficient as fluorescent lamps, and 
produce a high light output from a 
relatively small lamp. The color 
quality is not considered as good as 
that of incandescent or fluorescent, 
but is generally satisfactory for in- 
dustrial production areas. 

The amount of light needed for 
various seeing tasks and types of 
occupancy, for maximum visual 
efficiency, is usually greater than is 
economically justifiable. However, 
the Illuminating Engineering So- 
ciety has developed minimum 
recommended footcandle lighting 
levels for most lighting applica- 
tions, which are considered practi- 
cal. In actual practice it is there- 
fore recommended that the IES 
recommended lighting levels be used 
as a minimum quantity of light to 
be installed in any area, and that 
higher lighting levels be installed 
to the degree that they can be justi- 
fied. Having established the light- 
ing level, and the type of light 
source to be used, it is now a simple 
matter to calculate the total light 
output (total lumens) required for 
a specific area, the number of lamps 
needed, and subsequently to deter- 
mine the type, size, light distribu- 
tion, method of mounting, and other 
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similar features of the luminaires 
needed to provide the quantity and 
quality of light desired. 

At this point of the design pro- 
cedure, the next step is to consider 
the many types of luminaires avail- 
able, and to select the specific type 
of luminaire which will meet all of 
the technical and aesthetic require- 
ments which may be involved. 


Recessed Fluorescent Luminaires 


When end use application and 
economic considerations indicate 
that recessed fluorescent luminaires 
would meet lighting requirements 
and aesthetic problems satisfacto- 
rily, the problem of luminaire selec- 
tion reduces to a simple check list 
procedure. 

First, it should be determined 
that ample space will be available 
in the suspended ceiling plenum for 
installing recessed units. If obstruc- 
tions do exist in this space, such as 
beams, air ducts, sprinkler pipes, 
and other mechanical and structural 
elements, it should be determined 
if recessed luminaires can be lo- 
cated on a suitable spacing arrange- 
ment so that they will not interfere 
with the obstructions. If this is im- 
possible, it should be determined if 
the suspended ceiling can be 
dropped further, to accommodate 
the luminaires. Finally, if this is 
impractical, it may be necessary to 
use surface-mounted luminaires. 

For those installations where 
space is available for recessing the 
luminaires, the next step is to de- 
cide on the physical size of unit to 
use. The number, type and size of 
fluorescent lamps required per unit 
area of space to provide the desired 
lighting level will control this de- 
cision of physical size of luminaire, 


to a considerable extent. Current . 


trends are to larger units. Up until 
recently, standard practice has been 
to use 12-in. wide troffers, normally 
equipped with two rows of 430-ma 
lamps, and with troffers installed in 
continuous rows. More recently, the 
trend has been to 24-in. wide lumin- 
aires, usually 4 ft long, and ar- 
ranged for modular construction 
with one unit per building module. 
Units may be equipped with two, 
three, four or six lamps, which pro- 
vides considerable flexibility in 
lighting level control. 

Next factor to consider is lumin- 
aire construction. The housing 
should be made of steel of not less 
than 20 gauge metal, and so con- 
structed that it is completely rigid. 
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Typical Details of Recessed Fluorescent Luminaires 


RECESSED LUMINAIRE 


ee 


Configurated glass 


Prismatic plastic 


Plastic louver 


Aluminum louver 


Steel louver 


TYPICAL DIFFUSING PANELS 


Entire housing should be rust- 
proofed, and _ suitably finished. 
Light control devices should be se- 
lected which will provide light dis- 
tribution and brightness control, 
depending on the number and 
brightness of lamps, appropriate 
for the installation being con- 
sidered. If louvers are selected, they 
should be completely rigid—either 
metal or plastic—and held securely 
in place in a rigid metal frame 
which is hinged or otherwise con- 
structed for easy removal for clean- 
ing and relamping. Plastic or glass 
diffusers, if preferred, should also 
be similarly mounted. 

All ballasts should be of the high 
power factor (90% or above) type 
and all lampholders, sockets, wiring, 
etc. should be UL-approved. Entire 
luminaire should meet the require- 
ments of the National Electrical 
Code. 

Finally, the appearance of the 
luminaire should be acceptable, 
either when lighted or unlighted. 
This means that the range of 
brightness contrast should be 
within acceptable limits, as well as 
of a pleasing general appearance. 

A recent trend in recessed fluor- 
escent, luminaire lighting is to com- 
bine the luminaire with air condi- 
tioning supply outlets or return 
grills. This practice has developed 
as a result of the need to locate air 
conditioning supply outlets at the 
same location that is appropriate 
for luminaires. Also, air ducts and 
lighting units can often be inte- 
grated effectively to conserve space 
in ceiling plenums. When inte- 
grated air conditioning-lighting 
units are considered appropriate, 
the luminaires and air conditioning 
system must be compatible; that is, 
it must be possible to work the two 
together. Manufacturing practice 


TYPICAL CEILING MOUNTING METHODS 
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BASIC COMPONENTS of a_ recessed 
fluorescent luminaire consist of a hous= 
ing, wireway, reflector, light contro 
panel (diffusing, refracting or shielding), 
lamps, ballast, and wiring accessories. 
Units usually come equipped with mount+ 
ing arrangements for one of the various 
types of ceilings, and should be ordered 
accordingly. 


ace i ti 


consists of an air-handling equip- 
ment manufacturer and a lighting 
equipment manufacturer teaming 
up together to produce a combina- 
tion air-handling luminaire and an 
air valve assembly which are com- 
patible, but which is not compatible 
with other equipments. Different 
designs of air-handling troffers, 
each design being based on oa 
specific technical principles, ar 
currently available. Each design 
should be carefully studied for its 
specific advantages and benefits, 
and a selection made accordingly. 


Recessed Incandescent 
Luminaires : 
d 

Incandescent lighting remains; 
popular for many contemporary 
lighting applications, notwithstand- 
ing the fact that fluorescent light- 
ing produces from 24 to 3 times as 
much light per watt of power con- 
sumed. There are three principal 
reasons for this continued popu- 
larity: 1) the color quality of in- 
candescent light is psychologically 
pleasing to most people; 2) incan- 
descent lamps use filaments which 
are, within practical limits, either 
“point” or “line” sources of light, 
and makes possible accurate con- 
trol of the light produced; and 3) 
the quantity of light from a single 
lamp can be varied over a wide 
range, up to 1500 watts, or 33,000 
lumens, from a single standard 
lamp bulb (special application 
lamps range upward in size to 5,000 
and 10,000 watts). Other reasons 
include the fact that no special aux- 
iliary equipments are needed to op- 
erate an incandescent lamp, the 
lamp operates directly from a 
simple lampholder connected di- 
rectly into an electrical circuit, and 
burned-out lamps can be replaced 
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300 watt 


Bowl silvered 


by any non-technical person, such 
as the porter or an unskilled work- 
man. 

_ Lighting equipment and light 
‘source manufacturers have both 
been alert to develop incandescent 
lamps and luminaires which would 
meet the new demands imposed by 
building construction trends in re- 
cent years. As ceiling heights have 
decreased, and trends have devel- 
oped to recessed equipments in sus- 
pended ceilings, the manufacturers 
have developed appropriate recessed 
incandescent luminaires to meet the 
trends. Today there is a broad 
range of equipments of all types, 
for different types of light sources, 
for mounting in different types of 
ceiling construction, with all types 
lof light control and light shielding 
devices, for a broad range of light- 
ing distribution patterns, for use of 
‘color in a variety of ways, and 
equipped with special installation, 
cleaning and relamping features. 

In selecting recessed incandescent 
luminaries for a specific lighting 
‘application, the first step is to de- 
termine how much light is needed, 
and the type of light distribution 
which is required for this specific 
application. Then the type, size and 
number of lamps required per unit 
can be determined. Generally, only 
one lamp is used per luminaire, but 
any combination may be developed 
where needed for a special applica- 
tion. ; 

The type and size of lamp selected 
will govern the size and shape of 
the housing. The ceiling construc- 
tion will determine the type of 
mounting detail needed for re- 
cessing the luminaire. The type of 
light distribution pattern needed 
will control] the selection of the con- 
trol devices—prismatic or diffusing 
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RECESSED UNITS FOR BOWL 
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FILAMENT lamps with their 
point source of light permit 
accurate control of the light, 
and are popular for recess- 
ing. A wide variety of re- 
cessed units are available, 
but all follow a simple basic 
design pattern, similar to the 
types shown, 


Typical Recessed Incandescent Luminaires 
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RECESSED DOWNLIGHTS FOR REFLECTOR LAMPS 


Other factors in selection include 
that of type of material and gauge 
of metals used in the housing, con- 
struction features that influence 
rigidity of the unit, cleaning and 
relamping features, installation fea- 
tures, and appearance of the unit 
when installed, both when lighted 
and when unlighted. 


Surface-Mounted Luminaires 


Luminaires which are installed 
directly on the ceiling, wall, or col- 
umns are generally referred to as 
surface-mounted, or ceiling lumi- 
naires, and as wall brackets. There 
are literally hundreds of different 
types, designs, shapes and sizes 
available today, and this type of 
unit has been popular for the entire 
history of electric lighting. Current 
designs are for both fluorescent and 
incandescent light sources, and may 
be utilitarian or decorative. If de- 
signed to produce light for seeing 
economically, the units usually em- 
ploy fluorescent lamps. However, 
where accurate light control is 
needed, or when a decorative light- 
ing device is desired, the designs 


Essentially, surface-mounted lu- 
minaires serve the same function as 
recessed luminaires, except that 
they are designed to be attached to 
the surface of the ceiling, or wall, 
rather than to be recessed in the 
ceiling. Contemporary designs in- 
clude both individual units, and con- 
tinuous row equipment. 

The same factors should be 
considered in selecting surface- 
mounted equipment as when select- 
ing recessed luminaires, except for 
method of mounting. The need for 
rigid construction is even more im- 
portant, since the units are usually 
attached to the ceiling in one or twu 
locations only, whereas recessed 
units are supported in a rigid frame 
attached directly to the ceiling con- 
struction. 

The National Electrical Code pro- 
hibits the installation of fluorescent 
luminaires directly on combustible, 
low-density, cellulose, fiberboard 
ceiling materials, and requires that 
the luminaires be spaced at least 

} in. away. However, the Under- 
writers Laboratories Inc. have ap- 
proved certain surface-type fluores- 
cent luminaires, in combination 


glass, metal louvers, reflector con- usually incorporate incandescent with certain specific types of bal- 
tour, etc. lamps. lasts, for use on these low-density 
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Typical Surface-Mounted Luminaires 
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INCANDESCENT CEILING LUMINAIR ES 


types of ceilings. Thus when a sur- 
face-mounted luminaire installation 
is indicated, and the ceiling is of 
the combustible low-density type, 
only those specific luminaires which 
meet the NE Code and UL require- 
ments should be used. 

Because of the greater concentra- 
tion of heat in incandescent lumi- 
naires, caution should be used in 
selecting incandescent units for di- 
rect surface mounting, to be sure 
that the design and construction is 
such that hot spots do not occur 
within the unit which might be 
considered as hazardous. 

Appearance of the luminaires, 
both lighted and unlighted, becomes 
of even greater importance in the 
selection of surface-mounted lumi- 
naires. Also, spill light from the 
lighted units should not create any 
unduly bright spots on the ceiling. 


Suspended Luminaires 


When ceiling heights in building 
structures will permit the use of 
suspended luminaires, it is possible 
to use indirect and semi-indirect 
lighting. In many areas, this type 
of lighting offers some advantages, 
primarily in increased lighting 
comfort through careful balancing 
of brightness contrasts between lu- 
minaires and the lighted ceiling 
above. The trend in building con- 
struction over the past few years, 
however, has been to lower ceilings 
in most commercial structures, and 
this precludes the use of suspended 
type luminaires in these structures. 
The principal potential today for 
suspended luminaires is in the re- 


122 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . . 


lighting of older structures where 
higher ceilings exist, and in the 
lighting of industrial plants where 
higher ceilings are still needed for 
machinery, use of cranes, etc. 

In general, the same rules apply 
for selection of suspended lumi- 
naires as for recessed and surface- 
mounted equipment. Luminaires 
should be selected which are made 
by a reputable manufacturer, and 
by one that has a reputation for 
making a quality product. Fluores- 
cent luminaires should be equipped 
with ballasts which carry Certified 
Ballast Manufacturers (CBM) cer- 
tification. 

Rigidity of construction is also 
highly important for suspended 
type luminaires, both for appear- 
ance of the installation after the 
luminaires have been installed in 
place, and for ease in cleaning and 
relamping. 

Another important factor in con- 


White acrylic 


FLUORESCENT CEILING LUMINAIR ES 


nection with individual suspended 
luminaires is that the units be in- 
stalled so that they line up accu- 
rately, and so that they will remain 
in line when cleaned and relamped.! 

One installation technique which 
is used for continuous row fluores-- 
cent luminaires is to attach the lu- 
minaires directly to a continuous, 
rigid metal channel, and to support 
the entire channel and luminaires’ 
by suspension stems connected to 
the metal channel and supported 
from outlet boxes above. This 
method of construction insures that) 
luminaires remain in line after in- 
stallation, and the mounting height 
is also better maintained. 

In industrial areas, medium and 
high bay reflectors are often sup- 
ported on rigid stems. When this’ 
technique is used, the stems should 
be attached to the outlet box by 
means of a swivel type fitting, or by 
means of a disconnect type hanger. 


Typical Examples of Suspended Luminaires 
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TYPICAL SUSPENDED INCANDESCENT LUMINAIRES 
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_ Architectural Lighting 
Equipment 


Architects have a natural tend- 
ency to want to design and use in- 
\idividual lighting treatments on 
\their buildings, rather than to ac- 
jcept standard mass-produced lumi- 
jnaires which are popular designs 
and used to light a wide variety of 
‘buildings and types of occupancies. 
Also, there is a growing trend to 
the use of light as elements of 
architectural design, in which 
standard design luminaires are not 
appropriate, or fail to meet the 
| physical and other requirements. 
‘Thus architects and lighting engi- 
neers design special built-in and 
architectural lighting treatments 
which afford the individuality in 
lighting effects and lighting design 
which they desire. 

In many instances, special equip- 
ment is designed for these archi- 


tectural lighting treatments, and ~ 


such equipment may be quite costly. 
If the final lighting effect is suffi- 
ciently dramatic and outstanding, 
the higher cost may be justified. 
One of the developing trends, 
however, is to use mass-produced 
lighting devices and lighting equip- 
ments, but to assemble and use 
these devices and materials in such 
manner as to achieve individual 
lighting treatments. In such cases, 
costs are kept at a minimum. An 
example is that of luminous ceil- 
ings, which may be designed as 
large area low brightness elements, 
covering only a portion of a ceiling. 
The lighted element may be in any 


Typical Architectural 
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shape, to conform to the size and 
shape of the room, and any type of 
diffusing or shielding materials, or a 
combination of these materials, may 
be worked out to be used together. 
Light sources, lighting strips, and 
wiring devices can be combined as 
desired, mixing fluorescent and in- 
candescent lamps, if deemed advis- 
able. With diffusers, plastic and 
metal louvers, and prismatic plastic 
or glass panels being mass produced 
and available in a broad array of 
patterns, shapes, sizes and colors, 
a wonderful opportunity exists to 
create individually styled, lighted 
elements that will conform aesthetic- 
ally with the building design and 
decorative treatments of any area. 

Other examples of built-in and 
architectural lighting elements in- 
clude luminous wall areas, lighted 
columns, lighted beams and struc- 
tural members, round, square or 
rectangular coffers, coves, cornices, 
translighted murals, color trans- 
parencies, etc. The range of special 
lighting treatments is limited only 
by the imagination and ingenuity 
of the architect and lighting de- 
signer. 

Of particular interest in this field 
are the many new light sources and 
color lighting devices which have 
been made available in the past sev- 
eral months. The new fluorescent 
panel lamps, for example, will prob- 
ably be available ultimately in a 
range of colors. Being an “area” 
light source, it will be readily adapt- 
able to decorative wall and ceiling 
lighting treatments. Also, reflector 
lamps in color are now available, 


Lighting Equipment 
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and some dramatic and highly dec- 
orative treatments can now be de- 
veloped with these light sources, 
especially when controlled by some 
of the new and highly flexible dim- 
mer systems. 

Cove lighting, when properly de- 
signed, is still an effective method 
for providing decorative lighting 
effects. Either the new reflector 
lamps and color lenses or individual 
reflector units and standard lamps 
with color roundels can be used for 
cove lighting treatments. In either 
case, lamps or reflectors should be 
used which provide the correct type 
of light distribution for evenly 
lighting the ceiling area, and when 
color lighting is employed, lamps or 
reflectors should be selected which 
do not spill white light out around 
the base of the lamp or around the 
color lens fitting. Spill white light 
can destroy the full effect of the 
color lighting, and should not be 
tolerated. 

For any architectural lighting 
treatment which uses fluorescent 
strip lights, caution should be used 
to insure that all ballasts used in 
the strips are of the high power 
factor type. 


Outdoor Lighting 


Electric lighting has made prac- 
tical the use of light for outdoor ac- 
tivities at night, and in the expand- 
ing adaptation of a 24-hour, round- 
the-clock economy in this nation, 
there are literally hundreds of out- 
door lighting techniques being uti- 
lized on thousands of lighting in- 
stallations. 

Outdoor lighting applications 
may be classified broadly as either 
of two types—floodlighting, or area 
lighting. Each type is discussed 
separately. 

Outdoor lighting varies from in- 
door lighting primarily in that the 
luminaires, or lighting units, must 
be made weatherproof when de- 
signed for outdoor use. Also, on 
most outdoor applications there is 
no overhead “ceiling,” or structure 
to which the luminaires may be at- 
tached, as is usually the case in- 
doors. For this reason, it becomes 
necessary to “project” light from 
some suitable location where lumi- 
naires may be mounted, to the area 
to be lighted. Thus, “projectors” 
which project a “flood” of light, or 
“floodlight projectors” have been 
designed and made available for 
outdoor lighting applications. 
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There are many needs for light 
outdoors at night, and most of these 
needs can be solved by more than 
one type of lighting equipment, 
lighting technique, or method of 
lighting. Some of the more impor- 
tant outdoor lighting requirements 
are for: 1) streets and highways; 
2) bridges, viaducts, tunnels; 3) 
protection (of buildings, proper- 
ties); 4) sports areas (baseball, 
football, ‘tennis, hockey, basketball, 
golf, race tracks, courts, horseshoe 
courts, shuffleboard courts, etc.) ; 
5) floodlighting (buildings, monu- 
ments, shrubbery, outdoor sign- 
boards, railroad yards, docks); 6) 
area lighting (parking lots, used 
car lots, gasoline service stations, 
park grounds, play areas, lawns, 
ete.) . 

Consider tennis courts, for exam- 
ple. Tennis courts can be lighted 
by floodlights installed on poles lo- 
cated at the edge of the playing 
courts, or by reflector units sus- 
pended over the playing courts on 
aerial suspension wire, or other- 
wise. In solving the lighting for 
any outdoor area, it is a good idea 
to consider two or three different 
methods of lighting, and then select 
the one which offers the most ad- 
vantages at the lowest cost. 


Floodlighting Units 


Floodlight projectors, or flood-. 


lights, as they are commonly 
called, are of two general types—en- 
closed weatherproof units, and open 


type units. They are available in a. 


range of sizes, and types of light 
distribution, for incandescent and 
mercury lamps, and a limited range 
of types for fluorescent lamps. 
Since the purpose of a floodlight 
unit is to project a flood of light, it 
is necessary to condense this 
“flood” of light into a beam of 
some size and shape, such as, for 
example, a beam 25 degrees wide 
by 10 degrees high. Where control 
of the light beam is involved, the 
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Typical Outdoor 


500 Watt Quartz — 1500 Watt Quartz 


“point” source of standard incan- 
descent filament lamps, the approxi- 


mate ‘‘point” source of standard— 


mercury lamps, and the “line” 
source of the new quartz-iodine in- 
candescent lamps, permit accurate 
optical control of the light beam. 
This control is possible through 
control of the shape and surface of 
the reflector used in the floodlight 
unit, and by prismatic control in 
the lens or cover glass of the unit. 
Fluorescent lamps are line sources 
of light, but the “line” varies from 
1 to 2 in. in diameter (size of the 
fluorescent tube), and accurate con- 
trol is not possible. Where a wide 
flood of light only is needed, and the 
floodlights can be located within a 
few feet of the area to be lighted, 
fluorescent floodlights may be used 
successfully. But if the light has 
to be projected some distance, such 
as 15 ft or more, more control and 
efficiency can be obtained from suit- 
able incandescent or mercury flood- 
lights. 

Open-type floodlights are usually 
made in two sizes for incandescent 
lamps, and one or two sizes for mer- 
cury lamps. The smaller size incan- 
descent unit will accommodate 
either the 300-watt or 500-watt 
lamp, and the larger size unit will 
accommodate the 750-, 1000- or 
1500-watt lamp. Units are made for 
base-up burning of the lamp, with 
the reflector also forming the hous- 
ing. 

Since the light-center-length of 
a 400-watt mercury lamp is the 
same as that of a 500-watt PS-35 
mogul base incandescent lamp, the 
smaller sized incandescent flood- 
lights may also be used with 400- 
watt mercury lamps, and the larger 
sized incandescent floodlights may 
be used with 700- or 1000-watt mer- 
cury lamps. 

Reflectors for open-type flood- 
lights are made of porcelain-enam- 
eled steel, or aluminum with specu- 
lar, or semi-matte finish. Reflectors 
should protect the lamp bulbs 


Floodlighting Units 
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against rain, sleet or snow, and | 
should_be of weatherproof construc- | 


tion, except for the reflector being 


open. 

Enclosed-type floodlights are of 
two general types—those with re- 
flectors separate from the floodlight 
housing, and those with reflectors 
which form the floodlight housing. 
Each type uses a cover glass or 
spread-type lens to enclose the re- 
flector or housing, which thereby 
makes the unit completely weather- 
tight, and protects the lamps from 
rain and mechanical damage. En- 
closed weatherproof floodlights may 
be operated in any position. 

In selecting enclosed-type flood- 
lights, gasket arrangements for 
making the units weatherproof, 
and methods used to hinge and hold 
the cover lenses in place should be 
checked for adequacy and for ease 
in opening for cleaning and relamp- 
ing. Most floodlights are supplied 
with several different types of 
mounting bases or mounting ar- 
rangements. The proper base 
should be selected for the type of 
mounting that will be used. Also, 
if floodlights require accurate ad- 
justment for uniform brightness of 
the area being floodlighted (such as 
a football field), a floodlight should 
be selected which has an orienta-. 
tion indicator built into the flood- 
light base and angle adjustment 
feature of the unit. 

Availability of the new quartz- 
iodine tubular incandescent lamps 
has resulted in new design flood- 
lights for this new light source. 
Since the lamp is available in two 
sizes applicable for floodlighting 
(500- and 1500-watt), the new 
quartz-iodine lamp floodlights have 
also been made available in two 
sizes. These lamps must be burned 
in a horizontal position only 
(within 4 degrees of horizontal), 
and because of the concentration of 
their heat in such a limited area of 
lamp tube, good heat dissipation is 
a necessity. In _ selecting these 
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its, these two features are items 
0 be checked. 


Area Lighting Equipment 


In floodlighting the face of a 
uilding, or of a monument, it is 
lecessary to use a floodlight projec- 
or in order to project the light to 
he area to be lighted. On the other 
land, there are many types of 
reas, such as a parking lot, which 
nay also be lighted by a different 
ype of luminaire, or lighting unit. 
[hese units, which may be flood- 
ights, or street lighting types of 
nits, as well as special “area” 
ighting units, are now generally re- 
erred to as “area” lighting lumi- 
aires, or equipment. Some typical 


lesigns are illustrated in the sketch-~ 


itled “Typical Outdoor Area Light- 
ng Luminaires.” These units are 
wailable for use with all three 
ypes of light sources—fiuorescent, 
ncandescent, and mercury. 

Included in the “area” lighting 
quipment are street and highway 
ighting luminaires. These units 
ire now available for incandescent, 
nercury, or fluorescent lamps, with 
specific and individual designs for 
ach type of lamp. Street and high- 
way lighting luminaires have been 
slassified according to light distri- 
yution characteristics by the Illu- 
ninating Engineering Society, and 
t is recommended that the IES 
Recommended Practice for Street 
ind Highway Lighting be followed 
n selecting types of luminaires for 
shese applications. 

In selecting area lighting equip- 
nent, the workmanship and quality 
of the equipment is of even greater 
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importance than with indoor lumi- 
naires. Not only should all outdoor 
lighting equipment be of weather- 
proof design and construction, and 
listed by Underwriters’ Laborato- 
ries as such, but the materials and 
finishes should be such that they 
will not corrode or rust. Latches 
and fittings on enclosed floodlights, 
for example, should be of bronze or 
other rustproof metal. 

Reflector and projector lamps of 
hard glass construction may be used 
outdoors in weatherproof and water- 
tight adjustable socket housings 
and fittings. These units provide an 
economical solution for many flood- 
lighting applications where use of 
bare lamps is permissible and prac- 
tical. These units, when equipped 
with color lenses, make possible the 
economical lighting of shrubbery, 
statuary, home garden areas, etc. in 
dramatic color effects. 

A typical application for area 
lighting is that of off-street park- 
ing areas, or of parking areas at 
shopping centers. While such areas 
may be lighted by standard type 
incandescent or mercury lamp 
floodlights, tower or pole mounted, 
a recent trend is to the use of 
fluorescent or mercury lamps in 
typical street lighting luminaires. 
Also, special area lighting units, de- 
signed specifically for use in light- 
ing parking areas, have been made 
available. Recommended practice 
is to provide up to about two foot- 
candles of light for commercial 
parking lots, and up to five foot- 
candles for shopping centers park- 
ing areas. Current practice is to 
mount luminaires on towers, or on 
poles, at a suitable height to permit 
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light to be projected to all parts of 
the area being lighted, and of suffi- 
cient mounting height so that direct 
glare may be avoided. Most manu- 
facturers of outdoor lighting units 
provide technical data on how to 
select the proper type of luminaires, 
and on spacings and mounting 
heights which will produce uniform 
lighting and keep glare at a mini- 
mum. 

Other “area” type of lighting ap- 
plications include: aircraft service 
aprons at airport terminal build- 
ings, hanger aprons, excavation and 
dredging areas at construction 
projects, storage yards, car loading 
and unloading areas, freight docks, 
railroad yards, malls, parks and 
gardens. 

It is not practical to use rule-of- 
thumb solutions for solving area 
lighting problems, but it may be 
helpful to keep some general rules 
in mind. 

1. If use of outdoor lighting is 
seasonal, or totals less than 1000 
burning hours per year, incandes- 
cent luminaires will probably be 
most economical. Otherwise, mer- 
cury or fluorescent units in the 
largest size practical should be 
considered. 

2. Use the minimum number of 
towers or poles possible which will 
permit even, uniform illumination. 

3. In selecting individual unit 
light distribution patterns, con- 
sider use of the widest beam avail- 
able, consistent with good utiliza- 
tion. 

4. In estimating over-all lighting 
costs, be sure to include the costs 
for relamping and cleaning the 
luminaires. 
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Selection of a motor in the field 
becomes necessary when the man- 
ufacturer’s recommendations are 
not available or when a particular 
operation has been redesigned or 
modified to make the original mo- 
tor inapplicable. 

Choice of a motor for a given 
application is based upon the func- 
tions and characteristics of the 
load to be driven, the characteris- 
tics of the power supply, and the 
cost. The motor which fulfills the 
given requirements at minimum 
horsepower and minimum frame 
size will usually result in mini- 
mum first cost. However, under- 
sizing the motor will reduce its 
life expectancy. 

With load and system criteria ful- 
filled, there remains the problem of 
providing the proper enclosure for 
the motor to suit the ambient oper- 
ating conditions. 


Squirrel-Cage Induction Motors: 
Motor performance and character- 
istics are usually demonstrated by 
means of curves which show the 
available torque at various speeds. 
An accompanying curve of this 
type indicates some of the charac- 
teristics of the squirrel-cage in- 
duction motor which may be de- 
termined. 

Full-load torque is an indication 


MOTORS 


of the motor size, since the rated 
horsepower may be calculated if 
the full-load torque and speed are 
known (and vice versa). The per- 
missible overload torque is usu- 
ally designated by a “service fac- 
tor” which when multiplied by the 
nameplate horsepower gives the 
maximum load the motor can 
safely carry with all other condi- 
tions (voltage, frequency, temper- 
ature, ventilation) normal. This 
service factor, which may be con- 
sidered as a built-in safety factor, 
will also permit operation at rated 
horsepower output but with slight 
variations in rated voltage or fre- 
quency or at a greater-than-stand- 
ard altitude. 

It is evident from the speed- 
torque curve that operation at a 
higher-than-rated output will re- 
sult in a loss of speed. If the load 
on the motor is increased much be- 
yond the point indicated as per- 
missible for short-time overloads, 
the condition of breakdown torque 
is reached, at which point there is 
an abrupt loss of speed and prob- 
able stalling. The pull-up torque 
is the minimum torque developed 
during acceleration; the starting 
torque is that developed at a 
standstill as acceleration begins. 
The latter two characteristics are 
important in determining the mo- 
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tor’s adequacy in satisfying the 
inertia requirements of the load. 

An accompanying illustration 
shows representative speed-torque 
curves of the most common squir- 
rel-cage induction motor designs, 
designated in NEMA Standards 
Pub. MG 1-1959 as Designs A, B, 
C, D and F. The differences shown 
by the curves are due primarily to 
the differences in the rotor resis- 
tance and reactance introduced ~ 
during design. The curves for any 
specific design also vary according 
to motor size; output torque val- 
ues drop as rated hp increases at’ 
any given synchronous speed. | 

Design B is perhaps industry’s” 
“workhorse” for general-purpose 
across-the-line-starting duty. It 
has a relatively high starting 
torque for accelerating high-in- 
ertia loads and can handle short- 
duration overloads to 200% full- 
load torque or more before reach-. 
ing the breakdown point. Where 
the load duty-cycle has a peak in 
excess of the Design B breakdown 
torque, a Design A motor may be 
used. This type has the same start- 
ing torque as the Design B motor 
but develops a higher breakdown 
torque. fl 

The Design C motor is charac- 
terized by a low starting current 
and high starting torque. It is 
suitable for loads requiring a high 
starting torque and rather rapid 
acceleration, such as conveyors. 
and loaded line shafts. For ex- 
tremely heavy starting conditions, 
the Design D motor is available. 
It is well suited for such high- 
inertia loads as punch presses, al- 
though its running efficiency is. 
low. 

The Design F motor is the least 
used of the five types. It is manu- 
factured in sizes usually 30 hp and 
greater for use where starting 
current must be limited. Since its 
breakdown torque is also low, a 
larger size will normally have to 
be supplied to handle the same 
load as a standard motor. Accord- 
ingly, it is often more economical 
to supply a Design A, B or C mo- 
tor with reduced-current starting 
rather than a Design F motor 
across the line. 

It is likely that more than one 
type motor will perform satisfac- 
torily in almost any given situa- 
tion with some sacrifice in operat- 
ing economy or at higher initial 
cost. The best motor for the job 
can be selected only after load tests 
are made under actual operating 
conditions. 
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/ 'Wound-Rotor Motors: The wound- 
j'\rotor induction or slip-ring motor 
| is provided with a means for vary- 


| veloped; however, 
| speed at which maximum torque is 
_ achieved. Hence the external re- 
| sistance may be used for limited 


ing the rotor resistance externally. 


| Adjusting the rotor resistance does 


not change the maximum torque de- 
it varies the 


| speed control on certain types of 
| driven loads. 


The external resist- 
ance is also used to limit current 


'during starting. Typical applica- 


tions of the slip-ring motor include 
reciprocating compressors, crush- 


ers, and blowers requiring high 
| starting torque. 


| Synchronous Motors: Widespread 


application of the synchronous 


| motor is due principally to two 


characteristics: the machine oper- 


_ ates at a constant synchronous 


speed at all expected loads; and its 
unusually high power factor leads 
\to economical operation and its use 
for system power-factor correction. 
Disadvantages include higher in- 
itial costs, higher maintenance 
costs, and the necessity for provid- 
ing a source of de excitation. Typi- 


_ cal applications are for generators, 


| 
y 


compressors, and centrifugal pumps 
where constant speed is essential. 
A synchronous motor corrects for 
lagging power factor by drawing 
from the line current which leads 
the voltage, thus neutralizing a por- 
tion of the lagging current drawn 
by the remainder of the load. The 
capacity of the motor must be in- 
creased over and above that re- 
quired to drive its load by the 
amount of excess current it draws. 


The principal functions of a mo- 
tor controller are to start and stop 
the motor and protect it against 
overloads or other abnormal opera- 
tion, with proper attention to the 
safety of the operator. Controllers 
may be designed to connect the mo- 
tor directly to the line (across-the- 
line starters) or to accelerate the 
motor at a reduced voltage before 
direct connection to the line (re- 
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Speed-Torque Curves, 
Induction Motors 
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Direct-Current Motors. The high 
initial cost, high maintenance cost, 
and rather bulky control equipment 
required limit the use of de motors. 
However, the relative ease and ex- 
tent of speed control possible makes 
the de motor useful for both con- 
stant- and variable-torque loads re- 
quiring speed adjustment. Shunt, 
series, and compound windings are 
available. 

Consideration must be given also 
to the availability of a suitable dc 
source of sufficient capacity. 


Universal Motors: Essentially a 
series motor, the universal motor 
operates on both de and ac circuits. 
It is usually of fractional-horse- 
‘power size and is used primarily 
for portable appliances such as vac- 
uum cleaners and food mixers. 


Definite-Purpose Motors: There 
are motor applications which re- 
quire features not available in the 
general-purpose category. A stand- 
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duced-voltage starters). Choosing 
one or the other depends upon the 
characteristics of the motor, the 
distribution system, and the starter 
itself. 


Across-the-Line Starters 


Full-voltage starting require- 
ments may be handled by a manual 
starter, a magnetic starter, or a 


ard motor may be modified for the 
purpose; but where the demand for 
the motor is sufficient, separate 
standard specifications are set up. 
NEMA provides standards for sev- 
eral motors it defines as definite- 
purpose, such as oil burner, sump 
pump, gasoline-dispensing pump, 
coolant pump, submersible, home 
laundry, hermetic, and fan and 
blower. In general, motors so desig- 
nated are used only for the stipu- 
lated purpose, since mechanical fea- 
tures such as type of enclosure or 
provisions for mounting would have 
to be modified. 


Special-Purpose Motors: Where 
required design characteristics are 
not met by standard motors, special 
motors must be designed. The spe- 
cial design may be either mechani- 
cal or electrical or both. Mechanic- 
ally special features include the 
enclosure, mounting, size, bearing 
construction, insulation, and 
method of cooling. Motors requir- 
ing such mechanical modifications 
include pancake motors (for use 
where space is at a premium) ; 
shell- or can-type motors (furnished 
without housing for built-in appli- 
cations); vertical hollow-shaft 
motors (for pumping applications) ; 
self-cleaning textile motors (which 
dissipate airborne dust and lint) ; 
and sanitary motors (designed to 
prevent dirt accumulation and per- 
mit washing down). 

Examples of electrically special 
motors are those designed for spe- 
cial duty cycles such as encountered 
with hoists and cranes; or slow- 
accelerating motors for extractor 
duty employing centrifugal force. 


combination starter, each of which 
normally incorporates some type of 
device for overload protection. 

The manual starter consists of a 
pushbutton-operated switch plus 
overload relays in a suitable enclo- 
sure. It is normally mounted close 
to the motor it controls and merely 
acts to connect the line voltage to 
the motor. 

The magnetic starter includes an 
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Magnetic Across-the-Line Starter 
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contacts 
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electromagnet to replace the push- — 


buttons. The control circuit to the 
electromagnet uses a switch, ther- 
mostat, or other pilot device to en- 
ergize the magnet coil and start the 


motor. Starting may thus be auto- 


matic and may be initiated from 
any number of points close to or 
remote from the motor. 

The combination starter incorpo- 
rates in addition a disconnect 
switch, a disconnect switch plus 
branch-circuit protection, or circuit 
breakers which double as discon- 
nect and branch-circuit protection. | 


Use of. this equipment reduces in- 


stallation labor costs, although 
initial equipment costs will be 
greater than with a separate dis- 
connect. 


Reduced-Voltage Starting 


Where starting a motor at full © 


voltage may have an objectionable 
effect on the distribution system, or 
where the driven load may be dam- 
aged by sudden application of full 
torque, a reduced-voltage starter 
may be used. This involves the 
connection of the motor to the line 


tek al dk ei 


through a resistive or reactive ele- 


ment for a short period of time 
until the motor builds up speed. 
Both the starting current and the 
torque are reduced; therefore, re- 
duced-voltage starting should not 
be used where a load requires full 
starting torque. 

Use of resistance in series with 
each phase during starting results 
in extra power losses; however, 
where motor starting is infrequent, 
such as on pumps, compressors, or 
blowers, this loss may not be ob- 


jectionable. The resistance may be 


shorted out in one step or in sev- 
eral steps as the motor comes up to 
speed. 

The autotransformer starter con- 
nects the motor to the line through 
an autotransformer as it accelerates 
and then transfers it to full voltage. 
Taps on the transformer winding 
permit selection of a range of start- 
ing torques; greater efficiency is 
realized since the only power losses 
are those in the transformer. This 
type of starter permits lower start- 
ing currents than the resistor type. 

A third type is the reactor 
starter, similar to the resistance 
type except that a reactor is in 
series with each phase, providing 
taps to obtain different voltages. 
Its efficiency is higher than that of 
the resistance starter, but it re- 
duces the circuit power factor. 
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Dual-voltage motors or specially 
wound part-winding motors may be 
started using part-winding starters. 
These consist of two half-size start- 
ers in a common enclosure, each 
controlling one of the two motor 
windings. At start, one starter ac- 
celerates the motor. After a preset 
time determined by a time-delay re- 
lay, the second starter closes, plac- 
ing the two stator windings in par- 
allel for full-speed operation. This 
method is the least expensive of the 
reduced-voltage starters, but the 
starting torque is only 50% of full- 
voltage starting torque. 


| 


Selection Criteria 


From the above, it should be evi- 
dent that the selection of a motor 
and its controller should be made 
‘concurrently, taking into considera- 
tion the effect on the load, the effect 
on the distribution system, and the 
cost. If the load can take the impact 
‘of full starting torque and if the 
transient voltages and currents in- 
curred on starting are not objec- 
tionable, an across-the-line starter 
should be considered. Except for 
the part-winding starter, the cost 
of other types of reduced-voltage 
starters will be several times that 
of the across-the-line starter. Line- 
voltage starters are generally avail- 
able for motors rated up to ap- 
proximately 75 hp; reduced-voltage 
starters are not normally used for 
motors below 5 hp. 

Selection of overload relays for 
use with a particular starter and 
motor is more or less automatic; 
each manufacturer furnishes relays 
and selection tables for their proper 
use, depending on full-load motor 
current. Across-the-line starters 
usually employ thermal relays in 
series with the line using a fusible 
alloy which melts upon a sustained 
overload, opening the circuit. Mag- 
netic starters normally use mag- 
netic-type overcurrent relays with 
their contacts in series with the 
control circuit. Excess line current 
generates sufficient heat by trans- 
former action to melt solder used 
in the contacts. Resulting mechan- 
ical action opens the relay contacts, 
breaking the control circuit and 
dropping out the line contactors. 

Overcurrent protection is nor- 
mally provided in all ungrounded 
line conductors feeding the motor, 
except that it has been standard 
practice to use relays in only two 
of the three phases feeding a 
3-phase motor. However, since 
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many motor burnouts are attributed 
to this lack of protection in the 
third phase, the 2 to 8% additional 
cost of the third relay represents 
good insurance against loss of the 
motor from this cause. Starters 
today have provision for the inclu- 
sion of three relays. 

Magnetic starters also provide 
protection against reduction or loss 
of line voltage, since the operating 
coil in the control circuit drops out 
its contacts when the voltage is too 
low to sustain its magnetic field. 
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High-Voltage Starter for Squirrel-Cage Motor 
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CONTROLLERS suitable for motors in the 2.3- to 5-kv range 
are now available in a greater selection of sizes with inte- 
grated components and accessories specifically designed for 
the application to better serve the increased usage of higher- 
voltage motors for pumps, compressors, refrigeration equip- 
ment, etc. New developments in motor insulations have made 
such voltages practical, with attendant benefits and economies 


due to the reduced current-handling capacity required of 
feeders and auxiliary equipment. Heretofore, compromises 
have had to be made both in operating efficiency and in 


economy of application because of the necessity of modifying 


existing components not designed for the lower voltages. 
When primary voltage is available, its use for motor supply 


can greatly reduce required step-down transformer capacity. 


If it were necessary to describe 
with a single word a principle to 
guide the selection of heating 
equipment, that word would be dis- 
persion. If all the surroundings to 
which the body is exposed, includ- 
ing the air, were at a uniform tem- 
perature in the 70° to 75°F range 
under proper conditions of relative 
humidity, optimum comfort would 
be achieved for most people. The 
body would thus radiate its gener- 
ated heat at a uniform and com- 
fortable rate in all directions. 

By combining electric heat with 
room-by-room control and effective 
thermal insulating techniques, we 
can closely approximate optimum 
conditions. Underlying all choice of 
systems and equipment should be 
the attempt to promote uniform 
heating and avoid local effects 
which tend to induce directional 
discomfort. Walls, floors and ceil- 
ings adjoining other heated spaces 
present little problem; thorough in- 
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sulating of walls, floors and ceilings 
exposed to unheated spaces or the 
weather can bring the inside sur- 
face temperatures very close to that 
of the inside air. It remains then 
to introduce the heat into the space 
in such a manner as to reduce the 
‘discomfort effect of the remaining 
cooler surfaces (doors and win- 
dows), to neutralize drafts caused 
by the infiltration of cold air into 
the heated space, and to keep these 
conditions constant through the use 
of appropriate control devices. 
Lacking a totally dispersed heat- 
ing source, equipment should be 
chosen which may be utilized to 
best accomplish the above objective. 
It is significant that the two elec- 
tric heating methods comprising 
the greatest percentage of the more 
than a million installations already 
in use are ceiling cable and wall 
baseboard. The former accom- 
plishes uniform downward radia- 
tion over the entire heated space; 


the latter permits uniform distri- 


bution of heat along the entire 


length of exposed walls. 

Actually, many variables and re- 
strictions dictate that a compro- 
mise is usually necessary. These 
include cost and availability of 
equipment, and the nature and con- 
struction of the building to be 
heated. The extent and type of oc- 
cupancy will dictate the amount of 
ventilating or exhaust air required; 
building materials used and tem- 
peratures of exposed surfaces may 
indicate that more than one type of 
heater is best suitable. Familiarity 
with all available types will permit 
the exercise of judgment in provid- 
ing maximum comfort. 


Heating Elements 


Resistance heating elements op- 
erate on the basic principle that 
heat is generated as a result of fric- 
tion encountered by electric cur- 
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. 
rent as it passes through a conduc- 
er The essential requirements 
therefore include a conductor and 
two terminals through which the 
current from the supply circuit may 
enter and leave the element. The 
irate at which heat will be gener- 
ated depends upon the supply volt- 
age and the resistance of the con- 
ductor. The resistance in turn is 
determined by the nature of the 
conductor and the length of the cur- 
rent path through it. The conduc- 
tor configuration may be linear or 
coiled, bare or encased—similar or 
identical to elements used in the fa- 
miliar tubular, strip, cartridge, and 
immersion heaters found in indus- 
trial or process applications. 

Bare or enameled elements may 
be arranged on ceramic cones or 
suspended in the air stream by suit- 
able insulating supports. Flat strip 
heaters employ a metal jacket 
which completely envelops the con- 
ductor over an insulating filler; 
most other types use a resistance 
wire embedded in refractory mate- 
rial and enclosed in a tubular iron 
or alloy sheath. The resulting as- 
sembly may be bent into any con- 
figuration desired for mounting in 
free air, for immersion in water, or 
cast as an integral part of metal 
elements designed to provide effi- 
cient additional radiating surface. 

Glass panels, long used as a radi- 
ant emitter in electric heaters, may 
have a metallic conductor applied in 
a serpentine-like arrangement on 
the rear face; or a continuous con- 
ductive film may be used. In the 
latter case, pressure strips are fixed 
to the coating at opposite edges 
through which the current is intro- 
duced to the film. In both cases, 
heat is transferred by conduction 
to the glass, from which it is radi- 
ated into the occupied space. Large- 
area metal panels are also being 
used as a radiating surface in some 
heaters with the conductive element 
applied to the rear face in a man- 
ner resembling that used in elec- 
tronic printed-circuit applications. 

Heating elements are designed 
for operation at a specific circuit 
voltage—usually 120, 208, or 240 
volts—and it is important that-the 
rated voltage be actually achieved. 
Overvoltage will result in decreased 
element life; undervoltage will pro- 
duce less than rated heat output. 


Heat Transfer 


As stated above, electricity is 
converted to heat at 100% efficiency 


in a resistance device. There re- 
mains, however, the problem of 
transferring the resulting heat 
from the unit to the occupant who 
is to benefit. Although some con- 
duction of heat is involved, most re- 
sistance heaters are designed to dis- 
sipate the heat through radiation 
or convection. Radiation accom- 
plishes heat transfer from the 
heated surface to a heat-absorbing 
surface without heating the inter- 
vening air, as the sun heats the 
earth. Convection involves the pas- 
sage of air across the heated sur- 
face; heat is transferred to the air 
and carried by the air. Convection 
may be natural, depending upon ex- 
isting air currents and the physical 
tendency of warm air to rise, or it 
may be forced, utilizing a fan or 
blower to accelerate the movement 
of air past the heating element. 

Heaters are normally designed as 
either predominantly radiant or 
convection heaters, although some 
radiation and some convection is al- 
ways present in each type of design. 
The exact percentage of each is 
usually difficult and costly to ascer- 
tain precisely and usually is not of 
paramount importance. In general, 
the rate at which any heater will 
emit radiant energy depends upon 
the temperature, area, and finish of 
the radiating surface. 

The choice of heating element 
also determines the wavelength at 
which most of the energy will be 
radiated. Most comfort heaters 
emit radiation in the far infrared 
portion of the spectrum, and the ra- 
diation is not visible. Such emit- 
ters as the quartz lamp, however, 
radiate at near infrared wave- 
lengths, that portion of the spec- 
trum closest to visible light. Hence 
a great portion of the radiation is 
visible, and such heaters are often 
used to fulfill both heating and 
lighting requirements. 


Selection Criteria 


There are several general factors 
which influence the selection of one 
heater over another similar heater 
irrespective of the operating prin- 
ciple. These include size, appear- 
ance, safety, operating tempera- 
ture, ease of installation, expected 
life, availability, and manufac- 
turers’ reputations. 

Space available will dictate maxi- 
mum heater dimensions which can 
be accommodated. A contributing 
factor could be the desire to either 
emphasize or minimize the exist- 


ence of the heater from esthetic 
considerations. 

The appearance of the unit and 
the extent to which the appearance 
may be modified are important. In 
most cases, the heaters become a 
permanent, visible part of the 
building’s occupied areas. In the 
residence, the housewife in partic- 
ular must be satisfied; the heaters 
will become a subject of conversa- 
tion and an object of inspection by 
all visitors. Accordingly, a simple 
design is indicated, unmarred by 
clutter or unnecessary trim. The 
original finish should be comple- 
mentary to a wide range of interior 
decorating materials and colors, or 
repainting should be possible to 
match decorating changes. 

Safety is assured by units bear- 
ing the label of the Underwriters’ 
Laboratories and conforming to 
its Standards for Safety: Electric 
Space-Heating Equipment (UL- 
573). In general, construction re- 
quirements afford protection from 
physical damage; maximum sur- 
face and element operating tem- 
peratures are specified; thermal 
cutout protection is required to 
avoid a dangerous buildup of heat 
through overload, obstruction, or 
fan failure; and bare current-carry- 
ing elements must be protected. 

Heaters should be expected to 
last indefinitely. Normal life may 
be expected of motors, switches and 
other moving assemblies. Most 
units carry a generous warranty to 
cover possible defects in manufac- 
ture. 


Heater Types 


Baseboard Heaters. These are to- 
day’s “best-sellers” in the resi- 
dential market and are used exten- 
sively in commercial and _ institu- 
tional buildings. They are designed 
to occupy a minimum of space 
along the junction of the floor and 
the outside wall, leaving more room 
for furniture arrangement. They 
may be installed in any continuous 
length; inside and outside corner 
fittings are available which match 
the baseboard design and permit it 
to turn corners and follow the wall 
configuration if necessary. 
Individual baseboard heater sec- 
tions are normally fastened to- 
gether end-to-end and wired in 
parallel using knockouts and ter- 
minals provided, although at least 
one is designed so that successive 
sections may be plugged together. 
Some incorporate space at the bot- 
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BASEBOARD HEATERS are available in various sizes and shapes, capacity 
per ft of length, and type of element. In general, design permits cooler air 
to enter at bottom, travel up past element and through various baffle 
arrangements by convection, and out into room at top. 


tom which is approved as a race- 
way. Most units are designed for 
surface mounting on finished wall. 
Recessing may interfere with the 
free flow of air through the unit or 
cause discoloration of the wall 
above the baseboard, although par- 
tial recessing may be anticipated in 
the design of some units. The sheet 
metal configuration is designed to 
deflect the heated air into the room 
and away from the wall immedi- 
ately above the baseboard to mini- 
mize the impingement of dirt par- 
ticles on the wall which are carried 
upward from the floor by the 
heated air. 

Initial cost can usually be mini- 
mized by the selection of a unit 
having the largest capacity in watts 
per ft of length; however this rep- 
resents the least desirable installa- 
tion from a comfort standpoint. 
Also, concentrating more heat in 
less area results in higher tempera- 
tures. This can increase wall or 
window drape discoloration because 
of the movement of dirt particles. 
There is also some evidence of 
chemical breakdown of lint from 
certain synthetic carpeting when 
exposed to high temperatures, with 
a resultant increase in dirt nui- 
sance. Baseboard units may be ob- 
tained in densities anywhere from 
100 to 400 watts per ft of length 
The lower ratings, in the neighbor- 
hood of 200 watts per ft or lower, 
are to be preferred for quality in- 
Stallations. Typical depth and 
height variations are indicated on 
the accompanying sketch. 

Since air movement is required 
to transfer ‘the heat from the ele- 
ment to the room interior, these 
baseboards are essentially convec- 
tion heaters. There is also a small 
percentage of radiation involved 
from the heated portions of the 
metal enclosure facing the room. 

Baseboard heaters should not be 
specified unless they contain con- 
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tinuous thermal elements or in- 
dividual thermal cutouts spaced 
throughout the entire heater length 
to shut off the current should ex- 
cessive local temperatures be 
created by some obstruction acci- 
dentally placed against the heater 
to cut off air flow. Element tem- 
peratures may vary considerably 
even within the acceptable limits 
due to the design or type of element 
employed. Here again, the lower 
temperatures are to be preferred. 
Some baseboard units depart 
from the general construction and 
operating principle depicted in the 
sketch. At least one type incor- 
porates a blower to draw air into 
the heater and direct it into the 
room under pressure. Heaters 
which employ glass elements have 
a higher radiation component, al- 
though a substantial portion of the 
heat transfer is by natural convec- 
tion. The flat glass radiating sur- 
face may have the heat transferred 
to it by conduction from a metallic 
circuit “printed” or adhered to its 
rear face, or from a continuous 
conductive film applied to the rear 
surface and energized through 
metallic strips clamped to each end. 
Resistance baseboard is also 
‘available for use with a system of 
ductwork and a central blower to 
incorporate continuous low-velocity 
circulation of tempered air. 
Electric hydronic baseboard 
heaters are in use employing water 
to effect heat transfer. One type 
resembles the conventional base- 
board in appearance, but each sec- 
tion has its own self-contained 
water supply. The water circulates 
in a closed loop of copper tubing 
containing an immersion heater in 
the lower section and external fins 
to distribute the heat on the upper 
section. A short extension of the 
tubing at one end serves as an ex- 
pansion chamber; an electrical limit 
control protects against overheat- 


ing. No plumbing connections are 
required. Another type uses cast- 
iron radiator sections which may” 
be bolted together to provide any — 
length of radiation. All units of 
this system are interconnected byg 
}-in. copper tubing to a central ex- Fi 
pansion tank and relief valve; ie 
ever, water circulates only within 
each individual heater and not be- 
tween heaters. Each section has_ 
its own heating element immersed 
in the water. Both of these systems 
utilize the heat-storage capacity of” 
water to extend the period of heat; 
transfer between thermostat cycles. 

Complete hydronic systems are- 
also available using electricity as a 
source of energy in which hot water 
circulates continuously through” 
finned baseboard radiators. Mag-— 
netically operated valves control the 
circulation over one or more zones 
in accordance with air tempera-— 
tures. Heating elements may be 
energized only during off-peak 
hours and the hot water accumu-— 
lated in storage tanks, to be used 
as needed. Such a system may be 
particularly advantageous where 
special low off-peak electricity rates — 
are offered by the utility. 


Heating Cable. Resistance cable 
embedded in the ceiling produces 
in most cases a very satisfactory 
heat. It is completely invisible, 
takes up no room space, does not 
interfere with furniture arrange- 
ment, and provides maximum dis- 
persion of heat. 
Thermoplastic-insulated copper- 
alloy wire is used for ceiling appli- 
cations, usually designed to produce 
about 2% watts of heat per ft of 
length. It is manufactured in many~ 
lengths to provide a wide variety 
of wattages at rated voltage to 
satisfy almost any heat-loss situa- 
tion. Cable lengths are provided 
with non-heating leads at each end 
which are brought down into the 
wall for connection to the branch 
circuit and thermostat. These non- 
heating leads have a much lower 
resistance than the remainder of 
the cable length so that they do not 
heat up when carrying rated cur- 
rent. In the past, these leads re- 
quired some protection, such as 
loom, in their passage through the 
wall. Ceiling cable is now available 
with non-heating leads approved 
for installation without such pro- 
tection. In any case, the cables are 
meant to be used as supplied and 
must not be modified. It is installed 
by stapling to a firm flat surface, 
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| cold glass surfaces. 
cable is essentially restricted to 
| residential 
| tional and commercial buildings 
‘normally have cluttered ceilings 
| (pipes, lighting units, etc.), re- 
| quire the use of insulating acousti- 
| cal tile, and have rather high venti- 


| such as gypsum lath, at a previously 
| determined spacing using a sta- 
| pling gun designed for the purpose. 


Installation should be made as rec- 


ommended by the cable manufac- . 
| turer in conformance with special 
'provisions outlined in Article 422 


of the NEC. After the cable is in 
place, the finish plaster coat or gyp- 


| sum board is applied. 


Ceiling cable may be unsatisfac- 
tory where there are large glass 
areas and may have to be supple- 
mented by some convection or 


| forced-air heaters to effectively 


counteract downdrafts from the 
Also, ceiling 


occupancies. Institu- 


lation requirements with which 
other electric heating equipment is 
more readily adaptable. 

Cable embedded in concrete floors 
is also effective, although the pre- 
dominance of frame floors in resi- 
dences has restricted its use in this 
country. When used in concrete 


| floors designed for high thermal 


storage capacity, floor heating can 


| be used to take advantage of low 


off-peak electricity rates. In gen- 


eral, because of the time and energy 


required to bring the floor to its 
design temperature, floor heating 
is most applicable where the space 
to be heated is to be more or less 
continuously occupied. It is also 
effective where it is especially im- 
portant that the floor be warm, such 
as in a school kindergarten, where 
the children spend a great deal of 
time on the floor. In floor applica- 
tions, cable is fastened to wooden 
sleepers in the first concrete pour, 
using spacing devices, after which 
the final concrete pour is made. 

If either ceiling or floor cable is 
used, close coordination with the 
building contractor is necessary to 
avoid cable damage. 


Ceiling Heaters. Units designed 
for installation in or on ceilings 
have the advantage of requiring no 
floor or wall space. Ceiling heaters 
have been used extensively for resi- 
dential bathroom applications, 
where wall space is usually at a 
premium. The convenience of in- 


- stant heat, the ease of control, and 


the savings in ductwork, especially 
in such multiple occupancies as 
apartment buildings, have resulted 


in such heaters being specified for 
use in the bath even where the re- 
mainder of the building is heated 
by conventional fuels. 

Available units include those pro- 
viding heating only, heating plus 
lighting, or heating, lighting, and 
ventilation. Almost all types of 
heating elements are used, includ- 
ing glass panels and infrared 
lamps. Heating capacities are usu- 
ally restricted to 1500 watts or less, 
at 120, 208, or 240 volts. Where 
lights or exhaust blower are pro- 
vided, they are wired on a separate 
circuit and may be operated inde- 
pendently of the heating element. 

Radiant metal or glass ceiling 
panels are also being made for ap- 
plications other than baths. Meas- 
uring 2 by 4 or 2 by 5 ft and rated 
500 or 700 watts, the units are 
adaptable to home and office use. 
They may be accommodated on 
acoustically tiled ceilings by omit- 
ting eight or ten 12-in.-sq tiles. Re- 
cessed units are practically flush 
with the ceiling; surface units proj- 
ect only 1 in. beneath the surface. 


Wall Heaters. As the name im- 
plies, wall heaters are designed for 
surface or Yecessed mounting in 
walls. The element may be any of 
the types previously described and 
may be designed predominantly as 
radiant or convection (natural or 
forced) heaters. They may be used 
throughout an installation or to 
supplement cable or baseboard sys- 
tems where necessary or desirable. 
Their size ranges anywhere from 
about 8 by 10 in. upward to about 
2 by 2 ft. Cabinet convectors, in- 
corporating ventilators and_ in- 
tended for school classrooms and 
similar installations, may be 3 by 6 
ft and larger. Extension into the 
room varies from 2 to 14 in.; heat- 
ers may be either surface or re- 
cessed type. 

Units are usually placed beneath 
windows. However, since this type 
of heater necessarily concentrates 
its heat output from a small-area 
source, a better job will result from 
the use of several smaller-capacity 
heaters rather than one large unit, 
requiring locations other than be- 
low windows. 

Like baseboard, wall heaters may 
incorporate a built-in thermostat 
or may be operated by a wall- 
mounted thermostat. An additional 
feature of some units is a switch 
to operate the fan during the non- 
heating season for ventilation pur- 
poses without energizing the heater. 
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Heaters should incorporate a ther- 
mal cutout to guard against exces- 
sive temperatures. Such devices 
also serve to disconnect the element 
of forced-air heaters should the 
fan fail or be accidentally discon- 
nected. 

Ratings of wall heaters range 
from 500 to 6000 watts; cabinet 
ventilators may be obtained from 
2 to 18 kw with air delivery ca- 
pacities up to 1250 cfm. The larger 
capacities, for commercial or insti- 
tutional applications, are available 
for 3-phase operation at 208, 240, 
and 277 volts or higher. 


Unit Heaters. For complete space 
heating of industrial areas or such 
large spaces as auditoriums, gym- 
nasiums, cafeterias, courtrooms 
and airplane hangars, large-capac- 
ity heaters are necessary. Unit 
heaters incorporating fans or blow- 
ers are often used for such appli- 
cations. These are completely en- 
closed forced-air units designed to 
be mounted within the heated space 
by means of brackets attached to 
wall or ceiling steelwork, or they 
may be supported on a suitable 
floor pedestal. Capacities range 
from 4 to 132 kw, with air-han- 
dling capabilities to 15,000 cfm, for 
supply voltages ranging from 120 
volts single-phase to 575 volts 3- 
phase. Standard motor starters, re- 
lays, and contactors are used in 
addition to necessary thermostats 
to control heater operation. Explo- 
sion-proof models up to 6 kw are 
also available for Class 1, Groups C 
and D applications. 


Central Furnaces. Individual iso- 
lated applications of the central 
electr‘c furnace to residential heat- 
ing may be traced back through 
many years; however, the equip- 


CENTRAL ELECTRIC FURNACE of com- 
pact design may be installed horizontally 
or vertically in closet, utility room or 
basement. From left to right are heating 
elements, control panel, blower, blower 
motor, and filter. 
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ment being sold today is of recent 
origin. 

The central furnace is actually 
a compromise between individual 
room electric heaters and no elec- 
tric heat at all. The advantages of 
individual room control, the 100% 
efficiency resulting from transfor- 
mation of electrical energy into 
heat in the precise space it is to be 
utilized, and the smaller cost of 
installation and maintenance are 
sacrificed. In addition, past experi- 
ence with central furnaces has in- 
dicated an increased operating cost 
over room heaters of approximately 
20%. This undoubtedly has been 
due to heat loss from improperly 
insulated ducts passing through 
unheated spaces or through rooms 
already at design temperature. 

With adequate duct insulation 
and new modulating temperature 
controls combined with multistage 
element operation, it can be ex- 
pected that the operating cost dif- 
ferential will be narrowed. In ad- 
dition, central furnaces may be 
installed with heating elements in 
the discharge registers rather than 
in the furnace itself, with individ- 
ual room thermostats. This amounts 
to individual room heaters, with 
the added advantage of continuous 
air circulation; but it involves the 
extra cost of the central unit and 
its associated ductwork. 

The central furnace simplifies 
the summer air-cooling problem, 
since the same ductwork may be 
used. Here again a compromise is 
indicated. The ideal location for 
forced-air heating outlets is near 
the floor, while the most effective 
location for cooling outlets is high 
on the wall or in the ceiling. It 
follows that independent room 
heaters plus a central air condi- 
tioner with ideally located outlets 
would be more conducive to com- 
fort than a central heater-air con- 
ditioner with dual-purpose outlets, 
even with the heating elements in- 
stalled in the outlets, at approxi- 
mately equivalent first cost. 

This comparison requires some 
modification when an_ existing 
structure is to be converted from 
fuel forced-air to electric heating, 
if the existing ductwork can be 
used, since the extra cost of the 
ducts and their installation is not 
involved. 

Additional advantages in favor 
of the central furnace over the non- 
ducted system include the relative 
ease of introducing tempered fresh 
air and its beneficial effect on air 
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circulation and humidity control, 
and the ease by which air cleaning 
may be introduced. Packaged elec- 
tronic air cleaners may be inserted, 
with slight modification of the 
ductwork, which are many times as 
efficient as the simple filters long 
used with forced-air systems. 

Central furnaces with multi- 
stage control reduce the previous 
objection to the rather large sud- 
den load introduced on the utility’s 
lines and possible extra costs due 
to demand charges when single 
thermostats were used, even though 
the favorable diversity of individ- 
ual room heaters is not achieved. ~ 

Through appropriate arrange- 
ments of the air conditioner and 
heating elements in conjunction 
with a humidistat, the air condi- 
tioner can be used during the heat- 
ing months to accomplish dehumidi- 
fication through the process of 
reheat should the introduction of 
outside air be insufficient to reduce 
high indoor relative humidities. 
Conditions of low humidity, al- 
though rare with electric heating 
systems, can also be rectified 
through the ready addition of hu- 
midifying equipment. 


Heat Pumps. Working on a “re- 
verse-cycle” principle similar to 
that used in the familiar household 
refrigerator, heat pumps hold two 
important advantages over resist- 
ance heaters. They perform the 
dual function of heating and cool- 
ing with the same equipment, and, 
under favorable conditions, can op- 
erate at lower costs. By extracting 
available heat from the outside air, 
from water, or from the ground 
and transferring it to the inside 


DUCT HEATER for heat-pump auxiliary 
resistance heat or forced-air applications 
contains coiled-wire element exposed di- 
rectly to air stream. Control panel at 
right, which is outside the duct when 
mounted, includes a temperature limit 
control, relays, thermostat transformer, 
and terminal strips. Several units may be 
banked in series or parallel to satisfy 
capacity requirements. 


air, more energy can be delivered 
to the heated space than is neces- | 
sary to operate the compressor 
motor, blower motor, and other | 
electrical equipment involved. The | 
least expensive equipment from the © 
standpoint of initial cost will usu- | 
ally be the air-to-air type. It is also | 
the most commonly used, since air | 
is always readily available. 4 

Available equipment varies from?! 
small packaged room units and resi- 
dential central units to large cus- — 
tom equipment for commercial use. © 
Practically any heat-loss require- | 
mentmay be fulfilled. However, the | 
amount of heat available to the heat | 
pump is dependent upon the tem-| 
perature of the air, water or soil 
from which it is to be extracted. — 
Accordingly, it can be expected that — 
the heat pump will operate most — 
efficiently in the more temperate — 
areas of the country, although 
many successful installations are — 
in operation in rather severe cli-— 
mates. In general, where outdoor — 
temperatures are 30°F or higher, 
the single-stage heat pump usu- 
ally produces a satisfactory instal-~ 
lation. Where temperatures are 
lower, the heat pump may be fitted 
with auxiliary resistance heaters 
so that when the heat required ex- 
ceeds that available, the resistance 
heaters are automatically energized — 
to supply the deficiency. The oper- 
ating range for use without resist- 
ance heaters may be extended to 
temperatures below zero by multi- 
stage or compound compression. 

Initial and operating costs are 
lowest when a heat pump is selected 
so that it operates at 100% capac-- 
ity without the need for auxiliary — 
resistance heaters. Full utilization 
of provided capacity usually re- 
quires that the cooling load be 
greater than the heating load. 
Buildings with high internal heat 
gains will thus be better suited for 
heat-pump application, since they 
may offset a considerable portion 
of the heat loss and permit opera- 
tion without auxiliary resistance 
heat at a lower temperature. 


Infrared Heaters. High-tempera- 
ture radiant heating is used exten- 
sively where heating the air would 
be impractical or costly. Typical 
installations include specific work 
stations in uninsulated industrial 
buildings; partially sheltered out- 
door areas such as loading docks 
or sports grandstands; or buildings 
with large volumes and high ceil- 
ings, such as gymnasiums. 
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| quartz tube, 
| heater, and the quartz lamp. The 
| infrared heat lamp is used largely 
‘for industrial process heating ap- 


| Major types of infrared heat 
sources include the heat lamp, the 
the metal sheath 


plications, although the R40 with 
built-in reflector, rated from 125 
to 375 watts, is also used in some 
bathroom ceiling heating fixtures. 
Metal sheath heaters incorporate 
a resistance embedded in an elec- 
trically insulating refractory ma- 
terial and encased in a metal tube. 
The quartz tube consists of a coiled 
element supported inside an air- 
filled quartz tube, usually 2 to 2 in. 
in diameter. The quartz lamp also 
uses a coiled resistor in a quartz 
tube; however, the tube is ex- 


| hausted, filled with an inert gas, 
_ and sealed. 


The metal sheath and quartz tube 
heaters normally operate in the 
1200 to 1800°F temperature range, 
while the filament temperature of 
the quartz lamp is about 4000°F. 
In general, the higher the tempera- 
ture, the greater the percentage of 
radiation. However, increased tem- 
peratures also increase the percent- 
age of visible radiation; hence the 
quartz lamp would not be selected 
where the visible output would be 
objectionable. The metal sheath 
heater is the most rugged and gives 
the least visible light. On the other 
hand, the quartz lamp can often 
serve as a source of both heat and 
light where required. All three 
types require suitable fixtures and 
reflectors to direct the heat. 

Typical ratings of metal sheath 
heaters and quartz tubes range 
from 800 to 4000 watts at standard 
voltages from 120 to 480. Quartz 
lamps vary from about 200 to 5000 
watts for operation at voltages 
ranging from 60 to 1000 volts. All 
three types are normally designed 
for a specific watts/in. density, 
hence the length of heating element 
will vary with the wattage. 


Controls 


Thermostats. These devices per- 
form a simple on-off function to 
control the output of a heater. They 
may be built into the heater or they 
may be wall-mounted. 

Built-in thermostats open and 
close the circuit to the heating ele- 
ment in response to the tempera- 
ture of the air passing through the 
heater, as measured by a sensing 
bulb in the air stream. Their use 
may be Well suited to an applica- 
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compartment 


FLOOR INSERT HEATERS are used in 
residences or commercial occupancies 
where wall space is restricted or unavail- 
able, such as where large windows and 
sliding glass doors are used. The metal 
housing is recessed between floor joists or 
in a framed floor pocket provided during 
construction. In concrete slabs, the en- 
closure is fixed in place and wired before 
the concrete is poured. Units are typically 
approximately 8 in. deep, 5 to 8 in. wide, 
and from 1 to 6 ft in length, depending 
upon the heater’s capacity. Individual 
heaters are rated from 350 to 3000 
watts. In some units, the element assem- 
bly may be lifted to permit vacuuming 
of the housing. As shown in the sketch, 
the element plugs into a receptacle in 
the wiring compartment. 


tion where rather rapid response to 
sudden drafts is desired; where a 
suitable location is not available 
for a wall-mounted thermostat; or 
where maximum economy of instal- 
lation is of prime importance. 
Wall-mounted thermostats may 
be of the line-voltage or low-volt- 
age type. The contacts of the line- 
voltage thermostat open and close 
the circuit to the heater in response 
to the action of either a bi-metal 
or liquid-expansion element. The 
element may be sensitive only to 
the temperature of the ambient air 
at the thermostat, or the construc- 
tion may be such as to permit the 
integration of the air temperature 
and radiant heating effect resulting 
from ceiling cable or other heaters 
having a predominantly radiant 
output. Low-voltage thermostats 
act as a pilot device to operate a 
relay which in turn energizes and 
de-energizes the heaters. More ac- 
curacy of control is usually ascribed 
to the low-voltage thermostat, since 
its contacts need not carry heavy 
circuit currents and thus may be 
designed and constructed with more 
precision. The additional cost of 
the relay must be weighed against 
the temperature control gained. 


Demand Controls. Extensive me- 
tering of electric heating loads 
by power suppliers has shown that 


such loads do not add to the system 
peaks nearly so much as was feared 
initially; hence most utilities do 
not require any special regulatory 
controls to limit the simultaneous 
load. However, demand limiters are 
available for use where required. 
They may also be installed in the 
interest of the consumer to limit 
the load and reduce operating cost 
where demand charges are included 
in the rate structure, or to permit 
the connection of additional equip- 
ment to a service which would 
otherwise be too small. 

Operation depends upon a sens- 
ing unit which trips a relay when 
the system current reaches a pre- 
determined value, the relay switch- 
ing the heating load from full to 
half voltage. This cuts the con- 
nected equipment to 25% of its 
full-load wattage rating. Periods 
of peak load are usually of com- 
paratively short duration, and little 
if any inconvenience is caused by 
the reduction in heating capacity. 


Modulating Controls. This type of 
temperature control, used chiefly 
with central furnaces and auxiliary 
resistance heaters associated with 
heat pumps, connects the load in 
stages as it is required. A typical 
unit uses a low-voltage thermostat 
with SPDT-type contacts which 
controls the operation of a slow- 
speed reversible motor. Through 
the action of cams on the motor 
shaft, a series of switches (usually 
2 to 8), each connected to an in- 
dependent resistance element, are 
opened or closed according to the 
amount of heat required. Controls 
of this type are also described as 
“proportioning” or “integrating” 
controls. 


Set-back Controls. In many build- 
ings considerable operating econ- 
omy can be effected by reducing the 
air temperature during unoccupied 
periods in all or a portion of the 
heated space. This is especially 
true where the time of occupancy 
is relatively small compared to the 
time the building is not in use, such 
as schools, churches and other in- 
stitutional buildings, and some 
office buildings. For large installa- 
tions, 7-day time switches with 
suitable by-pass switches are ex- 
tensively used. Residential low- 
voltage thermostats are available 
with built-in heating resistors 
which automatically reduce the 
control point by several degrees in 
accordance with a preset clock. 
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Intelligent selection of wire and 
cable is by no means a simplified 
process, as evidenced by the fact 
that the code lists more than two 
dozen basic types of insulated con- 
ductors for application within 
specified operating and temperature 
limitations. Moreover, manufac- 
turers offer countless variations of 
insulating and covering composi- 
tions, while additional distinguish- 
ing features of construction and 
protection further extend limits of 
selectivity. 

It is essential to consider related 
operating and installation factors. 
For example: Will cables be sub- 
jected to corrosive atmospheres 
(and what kind) ? How about chemi- 
cal seepage (what chemicals), or 
electrolytic corrosion? Will they be 
installed in “hot spots” such as 
boiler rooms or for high-tempera- 
ture processing operations? What 
will normal ambient (surrounding) 
temperatures be, and what will op- 
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BRAIDED RUBBER INSULATED building 
wire is available with solid or stranded 
conductors sheathed with single or double 
fiber covers as indicated above. Selec- 
tion considers such factors as uniform 
diameters, tightly adhering braids and 
wax coatings to facilitate pulling; bright 
scuffproof colors to quickly identify cir- 
cuitry; clean stripping insulation, also 
flexibility or ductility to obtain good con- 
nections. 
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erating or “working” temperatures 
of the cables themselves be? Will ca- 
bles be subject to mechanical abuse, 
or will limited space for routing or 
terminating cables limit their di- 
mensions? Is there a possibility of 


flooding in underground ducts—or- 


manholes, and if so, what type of 
flooding is possible? Will it be wa- 
ter only, or infiltrations contami- 
nated by salt brine, oil or gasoline? 
As to installation considerations: 
Will circuits be contained within 
conduits or wireways, or buried di- 
rectly in the ground, or installed in 
vertical shafts, or supported as 
aerial feeders? And, pertaining to 
electrical operating requirements: 
Will systems be grounded or un- 
grounded? What are phase-to-phase 
working voltages? What are antici- 
pated loads in kva and amperes? 
And what are anticipated load fac- 
tors? | 
Selecting Conductor Size 


Selecting conductors for branch 
circuits involves design considera- 
tions such as (1) rating wires at 
least 25% greater than load cur- 
rents when loads operate continu- 
ously over long periods, such as gen- 
eral lighting circuits in commercial 
buildings; (2) rating conductors 
for individual motor circuits at 
least 25% greater than motor full- 
load currents; (3) derating cur- 


_rent-carrying capacities of conduc- 


tors (according to correction 
factors contained in NEC Secs. 
310-12 through 15) when more than 
three conductors are grouped in the 
same raceway; also (4) sizing con- 
ductors sufficiently large to keep 
voltage drop and power losses to a 
minimum, modern design dictating 
that branch circuit voltage drops be 
limited to 1%. 

It is well to remember that ca- 
pacity does not by itself dictate con- 
ductor size, since final selection is 
also contingent upon such addi- 
tional factors as voltage drop and 
regulation, temperature rise within 
limits of insulations selected, rea- 
sonable energy losses and adequate 
cross-section areas to accommodate 


Dan oe NMC and UF 


NON- METALLIC SHEATHED cable (NM) 
may be obtained with one or more con- 
ductors, with or without ground wire, 
insulated with thermoplastic or rubber, 
covered with paper and braid. Designed 
for open or concealed lighting or power 
circuitry in reasonably dry locations, it is 
recommended for interior wiring and 
major appliance circuits. Its corrosion- 
resistant counterpart (NMC) has excel- 
lent’ water, fungus, flame and corrosion 
resistance which permits its use in moist, 
wet or corrosive atmosphere. Under- 
ground feeder and branch circuit cable 
(UF) is available in 1-, 2- or 3-conductor 
construction, and, with special outer 
coverings, may be used as a feeder or 
branch circuit cable when provided with 
overcurrent protection not in excess of 
rated current, carrying capacities of in- 
dividual conductors. 


short-circuit heating. Size of ca- 
ble assemblies also will be affected 
by conductor metal selected (copper 
or aluminum), and, if conductors 
are stranded, they may vary in size 
due to methods of assembly; vari- 
ous compacting operations making 
them smaller (as well as stiffer and 
springier, due to hardening action). 


Insulation Selection 


Insulations (the second of three 
selection factors) are designed to 
accommodate temperature rise (am- 
bient plus load-induced heat) ; to re- 
sist environmental conditions (such 
as moisture, fumes, chemicals, oil 
and grease, acids or alkalies); to 
promote installation ease; keep 
costs of installation, maintenance 
and replacement within reasonable 
limits; and to insure efficient, reli- 
able service by providing proper 
physical and electrical properties. 

Outer coverings (the third of the 
selection factors) likewise must 
satisfy environmental conditions 
listed above, and must also resist 
such “innocent” deteriorating 
agents as sunlight and air. In addi- 
tion they must withstand abrasion, 
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‘ACSR—Aluminum conductor steel reinforced; aluminum wires 

| stranded around a steel core. 

ASTM—American Society for Testing Materials. 

| AWG—American Wire Gage; the measurement universally ap- 

plied in the U.S. to designate sizes of wires or conductors; 

numbers are retrogressive, with larger numbers defining 
smaller wire sizes. 

| Braid—Woven coverings used on some types of insulated wires 

to provide some mechanical strength and to serve as a means 

for identification. 

|| Bunch Stranding—A collection of wires or strands twisted to- 

|| _ gether in the same direction without regard to geometrical 

| arrangement. 

| Buna Rubber—Man-made rubber used as replacement for na- 
tural rubber. 

| Buty! Rubber—Man-made rubber with excellent resistance to 
heat, sunlight, weather, aging and ozone, used for special 
applications. 

‘| Cuble—A stranded insulated single conductor or an assembly 

| of insulated conductors usually with an outer covering. Small 

single conductors are often called wires, and small flexible 

cables are called cords. Numerous deviations from these 
definitions result from traditional trade names of items in 
long-time acceptance. 

Cable Core—The portion of an insulated cable lying under a 
protective covering or coverings. : 

Compact Conductor—A stranded conductor which is rolled to 
deform round wires to fill normal interstices between wires 

in a strand; wires generally are laid in the same direction. 

Coverings—Usually refers to braids (fibrous coverings) or tape 
or jute servings, etc., placed over the outside of an insulated 
conductor. 

Conductor—A wire or group of wires uninsulated from one 
another, suitable for transmitting electric current; may be 
bare or insulated as a unit. 

Current Carrying Capacity—The maximum current a conductor 
can carry without heating above safe designated limits. 

Duplex Cable—Two insulated conductors twisted together with 
no sheath or outer covering. 

Dielectric—A meduim having such required properties that 
energy required to establish an electric field (voltage stress) 
is recoverable, in whole or in part, as electrical energy. 
A vacuum is the only known perfect dielectric. 

Dielectric Strength—tThe voltage stress required to puncture a 
specimen of known thickness, expressed as volts per unit 
thickness. 

Filler—Material used in multiple conductor cables to occupy 
interstices formed by the assembly of insulated conductors. 

Grounded Nevtral—A circuit operates with grounded neutral 
when the neutral is metallically connected to ground and 
there is a provision for immediate removal of a faulted 
element. 

IPCEA—Insulated Power Cable Engineers Association. 

Insulation—Any substance of such low conductivity that the 
flow of electrical current through it can usually be neglected. 

insulation Resistance—The resistance offered by the insulation 
of an insulated conductor to current’ flow from impressed 
direct current. 


i Wire and Cable Definitions 


Jacket—An impervious outer sheath or covering over insula- 
tion, such as rubber, neoprene or resin. 

Lay—The distance along a cable occupied by one complete 
helix of a strand or conductor. 

MCM—Thousand circular mils; the circular mil area of a 
round conductor being obtained by squaring the diameter, 
measured in thousandths of an inch. 

Neoprene—A man-made rubber having superior resistance to 
oils, alkalies, acids and most solvents, also has high abra- 
sion resistance and will not support combustion. 

Polychloroprene—Chemical name for neoprene. 

Polyviny! Chloride—PVC; thermoplastic resin. 

Polyethylene—Thermoplastic resin for high frequency use. 

Plastic—A physical condition characterized by permanent 
change of shape of a material upon application of force. 

Self-supporting Aerial Cable—A cable consisting of one or more 
insulated conductors, factory-assembled with a messenger 
which supports the assemblage and which may or may not 
form a part of the electrical circuit. 

Semi-conducting Jacket—A jacket having a sufficiently low re- 
sistance so that its outer surface can be kept at a substan- 
tially ground potential by a grounded conductor in contact 
with it at frequent intervals. 

Sheath—An impervious covering over insulation, such as lead. 
(See jacket.) 

Shielded Cables—Cables in which the insulated conductors are 
enclosed within an envelope of conducting material; the 
shield of conducting metal or other material being so ap- 
plied that substantially every point on the surface of the 
insulation is at ground potential. 

Solid Conductor—Composed of a single wire. 

Strand—A single uninsulated wire used in combination with 
other strands to form a conductor. 

Stranded Conductor—A group of wires or combinations of 
groups of wires. 

Thermal Resistunce—The resistance offered by the insulation 
and other coverings to the flow of heat from the conductor 
to the outer surface. 

Thermoplastic—A physical condition in which the plasticity is 
increased by increased temperatures and decreased by de- 
creased temperatures; any change of shape resulting from 
the application of force at elevated temperatures being 
permanent. 

Tinned Conductor—A bare wire with a thin coating of tin 
which acts as a separator between conductor metal and 
insulation; also facilitates soldering the wire to a terminat- 
ing connection. | 

Tracer—A thread or group of threads of contrasting color or 
size in a braid, a ridge or insulation surface, a colored stripe 
on insulation for the purpose of identifying polarity. 

Twin Coble—A cable having two insulated conductors laid 
parallel with a protective sheath or jacket over them. 

Triplex Cable—A cable having three insulated conductors 
twisted together without a sheath over them. 

Twisted Pair—Comprises two insulated conductors twisted to- 
gether without common covering. 

Wire—A rod or filament of drawn metal, usually of circular 
cross section. 


impact, or (when installed as addi- 
tional protection for lead cables, for 
example), corrosion and electro- 
lysis. However, although outer cov- 
erings generally are part of a ca- 
ble’s over-all construction picture, 
the code recognizes certain Type T 
and TW insulations as being suffi- 
ciently rugged in themselves to re- 
sist normal mechanical wear under 
normal conditions; therefore, such 
conductor assemblies are approved 
for use without additional cover 
protection. 


Insulations considered most ex- 
tensively for general purpose 600- 
volt wiring involve the rubber and 
thermoplastic “families.” That is, 
for dry locations where maximum 
operating temperatures will not ex- 
ceed 60° C (140F), conductors may 
be insulated with Code Rubber 
(Type R), Thermoplastic (Type T) 
or Latex Rubber (Type RU). 
Where higher temperatures are in- 
volved in dry locations, heat-resist- 
ing insulations such as RH, RUH 
or RH-RW are prescribed up to 75° 


C (167F), with Type RHH being 
specified where temperatures are in 
the order of 90° C (194F). 

Where moisture may be encoun- 
tered, general purpose wiring appli- 
cations call for water-resistant in- 
sulations such as Types RW, TW, 
RUW or RH-RW where tempera- 
ture ranges are normal, that is, be- 
low 60° C. Or, if temperatures in 
the order of 75° C are contemplated, 
insulations must fulfill additional 
heat and moisture requirements re- 
lated to cable Types RHW and THW. 
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It is pertinent to mention that 
rubber insulations (manufactured 
with a variety of mineral, rubber 
or butyl bases) offer good overload- 
ing characteristics under normal 
conditions and are available in suf- 
ficient variety to satisfy numerous 
application and cost considerations, 
although auxiliary jackets are nec- 


ta 
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PROTECTIVE COVERINGS are designed 
for varied applications; combining ver- 
satility and durability with economy and 
protection in accordance with intended 
Purposes. For example, the assortment 
above includes (1) fibrous braids for nor- 
mal mechanical protection when cable 


is pulled into conduit or where interior 


physical conditions are not severe. Cot- 
ton, jute, glass, asbestos and other mate- 
rials are available either untreated or 
with flame-proof and moisture-proof sat- 
urants; (2) parkway cable, for direct 
burial in the ground where extra mechan- 
ical protection is desirable, has heavy 
flat metal tapes covered with asphalt- 
saturated jute in the above illustration; 
(3) lead with an outer impervious cover- 
ing designed to resist corrosive, chemical 
or electrolytic action; (4) aerial self-sup- 
porting cable with inbuilt messenger; 
(5) interlocked metallic armor, which may 
be galvanized steel, bronze or other 
metal to provide mechanical protection 
in place of conduit; (6) armor sheathed 
with a vinyl outer covering to resist cer- 
tain chemical corrosion conditions, and 
(7) armor wire to support as well as 
protect vertical risers or submarine cables. 
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essary if oil or heat conditions pre- 
vail. 

Thermoplastics, however, have 
additional properties designed to 
improve toughness and to enhance 
resistance to moisture and chemical 
reactions. Also, since they do not 
require additional outer coverings, 
they take up less room in conduits. 
Being smaller in diameter, lighter 
in weight, durable and silicone lu- 
bricated, such thermoplastic-insu- 
lated wires and cables are easily 
handled and installed. This ease of 
pulling is an important considera- 
tion, so the use of thermoplastic 


wire and cable is understandably 


extensive for power, lighting and 
control circuitry, especially where 
moisture, chemicals or oils are 
present. 

As temperatures and installation 
considerations become more exact- 
ing, insulation recommendations 
proceed to varnished cambrics 
(Type V), asbestos (A), minerals 
(MI) and combination thereof, such 
as Types AVA, AVB and AVL. Of 
these various insulation mediums, 
varnished cambrics, when consid- 
ered separately, are prescribed for 
dry locations, with temperature per- 
mission going to 85° C (185F). 
Likewise, asbestos, considered 
alone, is limited to dry locations, al- 
though, under conditions stated 
fully in NEC Art. 310, tempera- 
tures may go to 200° C (392F). In- 
sulation classed as Type MI is pre- 
scribed for wet as well as dry 
locations when special termination 
fittings are used, and, for certain 
applications, operating tempera- 
tures may go to 250° C. 

Oil impregnated paper is yet an- 
other insulation medium and, when 
so approved, may be used for un- 
derground service where operating 
temperatures remain below 85° C. 
Like varnished cambric, paper is a 
high-grade insulation recommended 
for larger-sized or higher-voltage 
feeders, also large motor and gen- 
erator leads. Paper has a definite 
cost advantage over cambric, al- 
though the latter may be terminated 
and spliced more easily. Paper, var- 
nished cambric and cambric-asbes- 
tos in combination all have excellent 
overload and short-circulating heat- 
ing capacities. 

In many respects, varnished cam- 
bric insulation may be ranked be- 
tween rubber and impregnated pa- 
per; this being true in regards to 
moisture and heat resistance, flexi- 
bility and dielectric strength, ease 
of installation, termination and 


splicing. More moisture resistant 


than paper, cambric may be in- 
stalled in dry locations without pro- — 


tection of a lead sheath; although, 


unlike rubber, it does require a wa- — 
terproof covering where continuous © 


exposure to moisture is expected. 
In dielectric strength, varnished 
cambric is superior to rubber but 
not equal to impregnated paper. 
And, although cambric is not as 
flexible as rubber, cables so insu- 
lated are easier to handle than ca- 
bles insulated with paper. 


Many consider impregnated pa- | 


per as.a standard insulation for 
high-voltage operation and general 
power transmission, while rubber 
is prescribed for many low-voltage 
installations plus higher voltages 


ee ee 
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when flexibility and moisture re- © 


sistance are important factors. Be- 


tween these two comes varnished — 


cambric with properties that, un- 
der certain conditions, recommend 


them above either rubber or paper. — 


For these reasons, cambrics are ex- 


tensively specified for general wir- | 


ing in power stations and within 
heavy industrial and manufactur- 
ing plants where blocks of power 
are large and distribution distances 
are relatively short. 

As for asbestos insulated wires 
and cables, these assemblies pos- 
sess established standards when ex- 
posed to severe operating conditions 
such as extreme heat, high hu- 
midity and overload conditions. As- 
bestos frequently is combined with 
other insulating materials to in- 
crease insulation resistance, dielec- 
tric strength and resistance to mois- 


ture. One of the more-widely used _ 


combination materials is varnished 
fabric which has excellent electri- 
cal properties and is “sandwiched” 
between layers of asbestos to pro- 
tect it against high ambient tem- 
peratures or flame which the cable 
might be subjected to. 

Since asbestos is an inorganic 
mineral, it withstands conditions 
which would deteriorate other ma- 
terials, and, when applied to wire 
and cables, its low heat conductivity 
enables it to withstand even melt- 
ing of copper conductors caused by 
overloads or shorts. 


Protective Coverings 


Since the best of insulations may 
be damaged or destroyed by physi- 
cal abuse or environmental hazards, 
many types of protective outer coy- 
erings are available for considera- 
tion. Such coverings include numer- 
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| SERVICE ENTRANCE cables may consist 


of either copper or aluminum phase con- 


| ductors (A) covered by heat resistant in- 


sulation (B) and moisture-resistant braid 


| or tape (C) color coded for circuit iden- 
| tification, while basic assembly is en- 


| closed by concentric neutral 
armored Type SE) Style U is covered by 


\ 


1 


i 


(D). Un- 
variety of tapes (F) and outer braid 
(G) such as glass and cotton impregnated 
with moisture resistant and flame _ re- 
tardant finish labelled with pertinent 
data. Armored Style A additionally con- 
tains flat steel armor (E) as protection 
against physical abuse. 


ous varieties of fiber braids; 


plastics (polyethylene or polyvinyl 
chloride, PVC, for example) ; lead 
(with or without additional protec- 
tive coverings); rubber, neoprene 
or resins. 

Braided coverings may be of soft 
saturated cottons, recommended for 


. general use; or hard mercerized cot- 


tons, desirable for appearance; or 
asbestos or glass for heat resist- 
ance; or nylon for rot; or wire de- 
signed either for shielding purposes 
or to provide mechanical protection; 
such wire coverings including addi- 
tional variables in steel, aluminum 
or bronze. 

When fiber braided coverings.are 
to be used for branch-circuit wir- 
ing, selection should consider such 
factors as whether wires are of 
small uniform diameters with snug 
braids and sufficient wax to facili- 
tate easy pulling; whether braids 
are of bright colors to promote fast, 
positive circuit. identification; also 
whether braid and insulation can be 
stripped cleanly and easily to facili- 
tate connections or soldering opera- 
tions. 

Lead sheaths, being completely 
moistureproof and resistant to most 
types of corrosion, provide durable 
metallic coverings which formerly 
were an accepted standard when- 
ever cables were permanently placed 
in moist locations. Present practice, 
however, is trending towards neo- 
prene jacketing rather than lead, 
due to lighter weight, smaller ini- 
tial cost and easier installation rou- 
tines involved. Since such installa- 
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-ture, 


tions are not subject to undue dis- 
turbance after initial placement, 
flexibility is not a governing re- 
quirement in these instances, and 
such neoprene jackets generally 
need not be reinforced as a result. 

Reasons for shielding insulated 
power cables are several, including 
(1) reduction of shock hazards to 
personnel, provided shielding is 
properly grounded, (2) protection 
of cables connected to overhead 
lines or otherwise subjected to in- 
duced potentials, (8) obtaining of 
symmetrical distribution of voltage 
stress within insulation, thereby 
minimizing possibilities of surface 
discharge, (4) containment of elec- 
trical fields within wire and cable 
assemblies, and (5) elimination of 
voids in critical stress areas due to 
alternate heating and cooling of ca- 
bles in intermittent operations, 
thereby obtaining more uniform 
stress control. 

Mineral-insulated metal-sheathed 
assemblies (Type MI) contain con- 
ductors insulated by highly com- 
pressed refractory materials which 
then are enclosed in liquid-tight and 
gas-tight flexible metallic sheath- 
ing. Use of MI conductors is per- 
mitted for exposed or concealed in- 
stallations in wet or dry locations, 
under plaster or embedded in plas- 
ter finishes on brick or other ma- 
sonry, exposed to weather or mois- 
permitted underground, 
embedded in concrete or fill, ap- 
proved for use in buildings under 
construction, also in locations sub- 
ject to oil or gasoline or such other 
hazardous conditions that do not 
have deteriorating effects on metal 
sheaths, as defined by NEC Art. 
330. Threaded MI cable fittings in 
standard conduit sizes and having 
standard conduit threads are avail- 
able, and installation is facilitated 
by special sheath strippers and end- 
seal crimping tools. 

Aluminum-sheathed cables (Type 
ALS) are factory assemblies of in- 
sulated conductors contained within 
impervious, continuous, closely fit- 
ting, seamless aluminum tubes, to 
be approved for installation condi- 
tions similar to those applying to 
MI, when installed in conjunction 
with appropriate connection and 
terminal fittings approved for such 
purposes. 

Metalclad cables (Types AC, 
ACR, ACT, ACV and ACL) in- 
clude all fabricated assemblies of 
insulated conductors and flexible 
metallic coverings approved for use 
in systems designed for 600 volts or 


less. Armored cables Types AC, 
ACH, ACHH and ACT (this cate- 
gory including rubber and thermo- 
plastic insulated conductors con- 
tained, together with bonding 
strips, within wound and _ inter- 
locked metallic armor coverings) 
are approved for general interior 
wiring except in moist areas or 
within block walls located below 
grade. Types ACV and ACR (ar- 
mored cable with varnished cambric 
or rubber insulated conductors) 
may be selected for exposed, dry, 
industrial and commercial applica- 
tions, while Type ACL (armored 
cable containing lead-covered con- 
ductors) may be used when instal- 
lations are exposed to weather or 
continuous moisture, or under- 
ground, or where deleterious condi- 
tions such as oils or gasoline infil- 
trations are possible. 

Where local codes permit their 
use, interlocked armored cables are 
desirable in order to bypass physi- 
cal obstructions such as building 
columns, beams or wall offsets. Es- 
sentially consisting of insulated 
conductors, with o. without addi- 
tional protective coverings, and en- 
cased in flexible factory-applied me- 
tallic armor, such assemblies offer 
safety and protective features com- 
parable with rigid metal conduit; 


branch-circuit 
should consider such factors as uniformity 
of diameter, outer coatings of wax or 
coatings of silicone to facilitate pulling, 
ductility and flexibility, color coding for 


SELECTION of wiring 


ready identification, adequate current 
carrying capacities, insulations and cover- 
ings coinciding with electrical, chemical, 
physical, temperature and moisture con- 
ditions existing. 


139 


i ed ee oe ne 


yet they lower installation costs 
since they minimize quantities of 
such items as pull boxes, do not re- 
quire intermittent joint make-ups, 
eliminate pipe bending and fitting, 
and can be installed in long con- 
tinuous lengths. 

Again, variety of possible com- 
binations is extensive, since con- 
ductor insulation and coverings 
may include rubber, varnished cam- 
bric, impregnated paper with braid, 
neoprene and lead jackets. And in- 
terlocked armor may be of galva- 
nized or stainless steel, aluminum, 
bronze or zinc. 

Armored cables also are available 
with outer protecting layers of heli- 
cally-wound high-strength armored 
wire wrapped around assembled 
conductors; or armored tapes may 
be spirally formed around conduc- 


tors to provide high impact resist-: 


ance where great flexibility is not 
demanded; and, for applications in 
corrosive or electrolytic locations, 


armored cables defined above may. 


be obtained with supplemental plas- 
tic or neoprene jackets. 
Non-metallic sheathed cables 
(Types NM and NMC) are an- 
other classification of rubber and 
thermoplastic insulated conductors, 
with or without separate grounding 
conductors, with outer sheaths of 
non-metallic moisture- resistant 
flame-retarding materials. In this 


-group, Type NM is prescribed for 


interior wiring, exposed or con- 


INTERLOCKED ARMORED CABLES offer safety and protective features comparable 
to rigid metal conduit; flexibility permits easy routing around bends and structural 
obstructions; they can be installed in long continuous lengths without intermittent 
joints or pull boxes, and they may be supported by variety of trays, troughs, ladders 
or hangers, thereby obtaining ready accessibility for inspection, tapping, rerouting or 
augmentation. 


cealed, in dry locations only, where 
not exposed to corrosive fumes or 
vapors, or where not embedded in 
concrete, masonry, fill or plaster. 
Types NMC, which also are resist- 
ant to corrosion and fungus action, 
are approved for approximately the 
same applications, except that they 
may be embedded in plaster or in- 
stalled in chases, provided zs-inch 
steel plates are placed over them as 
protection against possible damage 
from driven nails, as outlined in 
Code Art. 336. 

Service entrance cables (Types 
ASE, SE and USE) are assemblies 
of conductors, one of which may be 
uninsulated, installed within suit- 
able coverings primarily intended 
for service purposes. In this group, 
Types SE have moisture-resistant 
flame-retarding coverings; Types 
ASE have the same characteristics 
plus inherent protection against 
mechanical abuse, while Types USE 
(approved for underground use) re- 
quire outer coverings which need 
be designed to resist moisture only. 

Underground feeder and branch- 
circuit cables (Types UF) include 
rubber and plastic insulations with 
outer coverings resistant to mois- 
ture, flame and fungus action. Pre- 
scribed for direct burial in earth, 
they may be used either as feeders 
or branch circuits when provided 
with suitable overcurrent protec- 
tion, as dictated by NEC Art. 339. 

Preassembled aerial cables are 


self-supporting assemblies obtain- 


able in many combinations, such as 


single conductors used in single- 
phase ungrounded circuits where 
voltages are below 5-kv and where 


hard-drawn messengers can serve | 


as ground returns; also 3-conductor 
assemblies, likewise designed for 
voltages below 5-kv; also single- 
and multiple-conductor assemblies 
designed for higher-voltage 
grounded-neutral services. 

Economically, the initial cost of 
a preassembled aerial cable instal- 
lation can be considerably less than 
underground construction. 
while it is basically costlier than 
open wiring, the total annual cost 
of self-supporting cables frequently 
is less due to permissible elimina- 
tion of higher poles, extra hardware 
and tree trimming expenses. There- 
fore, where the expense of under- 
ground cable is not warranted, yet 
where open-wiring construction 
would not give complete satisfac- 
tion, preassembled aerial cables ren- 
der definite service. 


Copper vs Aluminum 


Copper, the electrical industry’s 
historical basic current-carrying 
conductor, is predominantly used in 
the electrical field for general in- 
dustrial and commercial applica- 
tions; a status which is well 
founded, since mechanical and elec- 
trical properties of copper make it 
ideal as a conducting medium. Not 
only does copper possess high elec- 
trical conductivity (exceeded in this 
respect only by silver), but it also 
is ductile, malleable, easily con- 
nected, tenacious and fatigue-re- 


And, | 


4 


sistant. It is highly resistant to ~ 


corrosion and, when such corrosion 
does occur, it forms a thin adherent 


film of oxide or basic carbonate 


(patina) which protects the metal 
from further deterioration. 

Aluminum, likewise, has advan- 
tages to recommend its selection for 
power distribution purposes, par- 
ticularly for aerial or direct burial 
installations or where conductor 
sizes are larger than No. 6 AWG. 
Such advantages begin with weight, 
which can be as much as 50% less 
than equivalent copper services; 
also installation costs are reduced 
since more footage can be installed 
with fewer fastenings in less time. 
Aluminum wire and cables also are 
flexible, making them easy to bend 
and train and handle in complicated 
installations; they are ductile, mak- 
ing for fast installation. 
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| Raceway selection covers a broad 
jald of conduits and ducts, cellular 


joors and underfloor duct systems, 


| 


jireways and auxiliary gutters, 
joughs and trays. Points to be 
/msidered pertain to safety, ac- 
assibility, flexibility and adequacy 
j-not only for present require- 


jents, but to contain larger con- 
‘uctors and additional circuitry to 
>pe with load growth. Initial econ- 
‘my is an important factor when 
electing distribution components, 


SBESTOS CEMENT duct bank pictured 
\pove incorporates flexible connections 
)\ reduce settlement and shear stresses. 
ssembly was speeded through use of 
ipered couplings; selection of long 
'‘ngths reduced number of joints. Liberal 
tlection of standard fittings facilitates 
anges in direction, duct sizes and ge 
>nduit transitions. 


VEIGHT FACTOR is labor-saving con- 
ideration, as evidenced by this installa- 
on view where standard length of alu- 


hinum conduit is carried up ladder, 

upled and strapped to rack by single 
yan. Clean threads permit easy coupling 
y hand, with strap-wrench providing 
inal force to snug tapered conduit ends 
ato collars to establish positive electrical 
ontinuity. 


RACEWAYS 


yet including excess capacity now 
to preclude costlier rewiring in the 
future is definitely practical. 


Rigid Metallic Conduit 


In considering raceways it is 
pertinent to first refer to rigid 
metal conduit, since this medium is 
the “granddaddy”’ of electrical dis- 
tribution. Rigid metal conduits 
may be selected in sizes from 34 to 
6 in. diam., and an extensive line 
of standard fittings and accessory 
components are available. 

To comply with these various 
criteria, rigid conduit is available 
in steel, aluminum, bronze, copper 
alloys and wrought iron. Moreover, 
steel may be obtained coated with 
enamel or zinc, and zinc may be ob- 
tained with variations related to 
application processes such as (1) 
hot dip galvanizing, consisting of 
immersion in molten zinc, (2) elec- 
tro-galvanizing, wherein zinc is de- 
posited electrolytically, (3) sher- 
ardizing, by which steel conduit is 
heated in airtight chambers in the 
presence of zinc dust, or by (4) 
metallizing, with zine powder 
sprayed at high velocities on steel 


“surfaces. Zinc provides an effective 


barrier against corrosive moisture 
and inhibits rust. 

In severely corrosive locations it 
may be necessary to coat rigid con- 
duit with asphalt or plastic. It is 
important for those who select con- 
duit to investigate not only condi- 
tions which initially prevail, but 
also conditions which might develop 
due to change of occupancy of prop- 
erty utilization. 

One of the prime attributes of 
rigid metal conduit is safety. It 
affords maximum protection to: 
(1) persons against shock hazard 
by establishing paths of low elec- 
trical resistance to ground, (2) 
property against fire hazards which 
might possibly occur due to arcing 
of electrical conductors, and (3) 
electrical circuits themselves 
against corrosion, physical abuse, 
moisture and practically all other 
deleterious conditions. 
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Electrical Metallic Tubing 


Another excellent wiring medium 
is EMT; available up to diameters 
of 2 in. and similar in many re- 
spects to rigid steel and aluminum 
conduit. However, being thinner- 
walled, lighter in weight and less 
ruggedly constructed, its use is 
necessarily restricted to locations 
where it will not be subjected to 
mechanical abuse. Moreover, its 
use is not permitted in hazardous 
locations and its service is limited 
to 600 volts. Regardless of such 
limitations, however, EMT provides 
considerable design versatility on 
a modified scale. 

Electrical metallic tubing is not 
threaded at the ends and is gen- 
erally installed with compression, 
indentation, set-screw or push-on 
types of couplings and connectors, 
although approved threaded fittings 
(intentionally differing from stand- 
ard conduit thread dimensions) are 
also available. 

If exposed to corrosive vapors or 
fumes, EMT and related fittings 
must be of corrosion-resistant ma- 
terials, while dissimilar metals in 
the same system should be avoided 
if at all practicable. 


Flexible Metallic Conduit 


Although flexible metallic conduit 
has been in use for some 65 years, 
too often it has been classified as 
an auxiliary wiring medium to be 
used only for special applications, 
such as for installations subject to 
vibration or movement. Yet flexible 
metallic conduit is a practical, pli- 
able, protective, pull-in wiring 
medium in its own right; to be con- 
sidered as a useful separate race- 
way rather than as an accessory; 
and available in galvanized steel, 
aluminum, brass or bronze with or 
without special fittings, synthetic 
or metal braid coverings. 

Reasons for its consideration as 
a raceway are numerous, since flex- 
ible metallic conduit has: 

1) Compression strength and re- 
sistance to impact exceeded only by 
rigid conduit; 

2) Adequate current-carrying 
capacity, when properly installed, 
sufficient to provide a suitable path 
to ground in event of a fault within 
the enclosure, thereby insuring 
prompt functioning of related cir- 
cuit breakers or fuses; 

8) Construction features which 
make it unlikely for condensation 
to accumulate within raceways; a 
fact to be considered where wide 
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temperature variations are preva- 
lent; and 

4) Application flexibility, mak- 
ing it possible to install any desired 
specialized insulated wiring to 
satisfy conditions of unusually 
high temperatures, moisture, oil or 
solvent fumes, or to install more 
or larger conductors (up to limits 
of permissible fill) to keep pace 
with load growth. 

In addition, flexible metal conduit 
constitutes a duct system which is 
available in long, continuous 
lengths; may be pulled through 
openings or holes in joists and 
studs; requires a minimum num- 
ber of fittings; eliminates bending 
and threading. 

Variations of flexible metallic 
conduit include square, lipped and 
hooked interlocking details; may 
be obtained with outer jackets 
which are moisture-proof, liquid- 
tight and flame-resistant; can be in- 
stalled in locations subjected to 
temperatures well above 200° F; 
are available with built-in copper 
ground; may be installed in corro- 
sive, chemical and oil-subject loca- 
tions, and are available in several 
classifications up to 6 in. in di- 
ameter. 

Flexible metallic conduit, when 
selected without auxiliary protec- 
tive outer coverings, may not be in- 
stalled underground or in cinder 
fill; in corrosive locations or where 
subject to severe mechanical in- 
jury; although, by complying with 
code-prescribed conditions, covered 
by Art. 350, they may be approved 
for certain outdoor, wet or hazard- 
ous applications. 


Asbestos-Cement and 
Fiber Ducts 


Consideration of the general con- 
duit family should rightly include 
ducts of asbestos-cement, for this 
medium has wide acceptance . for 
underground distribution, offers 
reasonable mechanical strength, is 
permanent and incombustible, is 
non-metallic and resistant to cor- 
rosion, cannot burn under short-cir- 
cuit conditions, is unaffected by 
electrolysis and is impervious to rot 
or rust. © 

Wall thicknesses are available in 
standard and extra heavy sizes so 
that lighter components may be 
selected when duct banks are to be 
encased in concrete outer envelopes, 
and heavier ducts may be selected 
when only one or a few are to be 
buried in the earth. When concrete- 
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DOUBLE OFFSETS are used to underpass 
heavy reinforcing bars installed along 
deep concrete beam line. Note insert 


cover recessions which later will be filled 
with material to harmonize with finished 
floor-slab treatment. Triple-cell duct sys- 
tem is supported and levelled by adjust- 
able-height saddles prior to pour. 


SSS SSS 


LLL . 


EXPANSION FITTINGS may be selected 
as vibration dampers and deflection me- 
diums as well as to provide for move- 
ment between building sections or for 
expansion and contraction due to tem- 
perature changes in long conduit runs, 
Fitting diagrammed above provides for 
movement from the normal in all direc- 
tions plus 30 degree deflection; is avail- 
able up to 4 in. dia and may be installed 
in concrete. 


FLEXIBLE METALLIC CONDUIT is ayail- 
able in various interlocking configura- 
tions, in galvanized steel, aluminum, 
brass or bronze, with or without special 
fittings, synthetic or metal braid cover- 
ings designed to resist moisture, heat and 
flame, chemical vapors, oil and corrosive 
atmospheres. 


sheathed, economy is achieved by 
selecting the lighter ducts. 

Selection should consider also the 
availability of tapered couplings to 
promote accurate’ alignment, to 
speed assembly routines, to permit 
slight direction changes to effect 
large-radius bends, and to prevent 
silt from infiltrating at these con- 
nection points. In addition, adapt- 
ers, flexible connections, expansion 
couplings, curved segments and ells 
of various degrees are available. 


Fiber ducts also are available : 
two wall thicknesses to satisfy the 
same installation conditions noted 
above. Fiber ducts may be ob: 
tained with diameters up to 6 in. in 
lengths up to 10 ft. Use of longer 
duct-lengths naturally reduces the 
number of joints. And, to obtain 
maximum compactness of duct 
banks, several manufacturers offer 
flush tapered couplings having the 
same outside diameters as the ducts 
themselves, so it is possible te 
eliminate all separation between 
cells, placing ducts in contact and 
conserving concrete as an over-all 
envelope. . 


Plastic Conduit 


While still relatively new as ar 
electrical distribution medium 
semi-flexible high-density plasti 
conduit merits consideration fo. 
both underground primary (5 kv) 
and secondary distribution. Lik 
the ducts just mentioned, plasti 
raceways are available in thin-wall 
standard and extra-heavy weight 
and are being selected (with loca 
inspector approval) for installa 
tions above ground and withil 
buildings as well as underground. — 

Being considerably lighter thai 
steel, aluminum, asbestos-cement 01 
fiber, plastic conduits are easilj 
handled; can be cut and threade 
with standard conduit equipment 
fit standard-sized junction boxe 
and fittings; include a liberal as 
sortment of plastic adapters, coup 
lings, elbows, outlet and junctiol 
boxes; are normally assembled with 
slip fittings and fast-drying solven 
welding cement, and may be beft 
on the job to desired shapes b; 
first applying hot air to the section 
manually bending the then-pliabl 
conduit as desired, and finally ap 
plying cold air to solidify the plas 
tic. 

Since plastic conduit has a cer 
tain amount of flexibility, under 
ground installation can bypass ex 
act grading of trench bottoms, con 
duit following ground contour 
within reason. And, having an in 
herent smooth finish free fron 
sharp edges or burrs, wire is pullet 
in easily and safely. 

When continuously supported o 
installed in moderate ambient tem 
peratures, plastic conduit maintain: 
good rigidity and alignment, al 
though, when installed in location 
of concentrated warmth (even i 
direct sunlight), thin-wall plasti 
conduit has a tendency to festoor 
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with local wiring requirements. 


Underfloor Ducts 


Numerous underfloor systems are 
available to fulfill: various require- 
ments. For example, self-contained 
i duct systems (metal or fiber) may 
jbe obtained as single-, double- or 
triple-cell runs which can be in- 
jstalled on one or more levels with 
| junction boxes and inserts providing 
frequent access openings whereby 
wiring may be connected to surface 
outlets as required. 

In selecting junction boxes it is 
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)weight to satisfy installation and 
jusage criteria; dimensions and 
tolerances of related parts to insure 
snug fits so as to preclude binding 
and exclude moisture; duct com- 
position or coatings to resist cor- 
rosion, acids, alkalies and abrasion; 
leveling screws for boxes, rings and 
caps; easy accessibility to all cells; 
gaskets where waterproof sealing is 
desired. And, in selecting ducts 
themselves, check for smooth in- 
teriors and insert shoulders free 
from burrs; loosened inserts or col- 
lars; clean sharp threads to facili- 
tate attachment of surface outlets. 
Review accessory catalogs to select 
necessary elbows, couplings, conduit 
takeoffs, adapters, expansion fit- 
tings, cabinet connectors and duct 
supports. Also relate ruggedness 
of surface outlets, dual fittings, re- 
ceptacles and cover plates to prac- 
tical design features. 


i 


pertinent to check for strength-and ~ 


Connector — duct to cabinet 


Headerduct —90° elbow 


Cell ell flat connector to conduit 
Headerduct strap 
Cross access unit 


Duct e 
plug 


| HEADER DUCTS may be installed on top of cellular flooring parallel or at right 
| angles to structural cell members, with access boxes of various sizes to coincide 
Diagram shows 
| circuits can be routed longitudinally through floor cells, then shifted laterally 
via header ducts to bypass obstructions such as structural columns or riser shafts. 


how power and_ telephone 


Cellular Flooring 


Electrical distribution can also 
be effected by utilizing the inter- 
stices of cellular (metal or con- 
crete) flooring. And, since avail- 
able raceways then are related to 
the over-all basic construction of 
the building itself, the number of 
cells is practically unlimited. 


Header Ducts and Trenches 


To connect service-grouped cells 
with distribution panels related to 
those specific services, header ducts 
may be installed directly on top of 
and at right angles to the cellular 
pattern; appropriate matching ac- 
cess holes in header ducts and floor 
cells permitting wire to pass from 
one to the other. Large-area covers 
(round, square or oblong) set flush 
with finished floorslabs provide 
ample access to header ducts to 
facilitate wire pulling and fishing; 
while waterproofing of the various 
systems is insured by appropriate 
caps over cell and duct ends, gaskets 
around accesses, sealing and coat- 
ings at union points. 

Also available for consideration 
are total-access underfloor trench 
systems, with continuous cover 
plates easily removable to expose 
completely open trenches for maxi- 
mum wiring flexibility and facility. 
These trench sections may be used 
independently in the same general 
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Wet column 


manner as underfloor ducts, or they 
may be used in conjunction with 
cellular metal floors to render the 
same general service as header 
ducts. 

Header ducts or trenches also 
may be considered for application 
with concrete cellular floors. How- 
ever, since floor cells then are non- 
metallic they may not be used as 
the basic grounding medium, and it 
is necessary to install additional 
grounding wires and appropriate 
connections to bond receptacles and 
floor inserts to headers which, in 
turn, must be electrically bonded to 
distribution panels and electrical 
feeder raceways. 

As defined by Code Arts. 354, 356 
and 358, cross-sectional areas of 
conductors contained in underfloor 
raceways, also in cellular metal and 
concrete floor raceways, cannot col- 
lectively exceed 40% of such cells; 
although this limitation does not 
apply when cells are used to con- 
tain only armored cable or non- 
metallic sheathed cable. 


Wireways and Gutters 


Electrical wireways and auxiliary 
gutters consist of totally enclosed 
metal ducts, troughs or custom- 
built assemblies having cover plates 
which may be hinged (flanged or 
flangeless), snapped or screwed into 
position. Since wireway covers are 
continuous for entire assembly 
lengths (except where wireways are 
carried horizontally through dry 
walls, as permitted by the NEC), 
maximum access to wire and cable 
at all points throughout such instal- 
lations offers unlimited facilities 
for circuit splicing, rerouting, tap- 
ping, inspection or addition of extra 
circuits without disturbing already- 
installed wiring. And, since wires 
are laid in place, rather than being 
pulled, protection against possible 
insulation abrasion is unexcelled. 

Selection of cross-sections may 
be made from such standard sizes 
as 23 by 23, 4 by 4, 4 by 6, 6 by 6 
or 8 by 8, while section lengths are 
obtainable in 1-, 2-, 3-, 4-, 5- and 
10-ft standard units. Non-standard 
dimensions also are available when 
required for special applications, 
so it becomes possible for designers 
to obtain enclosed wireways to 
satisfy local wiring conditions. 

While wireways are code-ex- 
cluded from use where mechanical 
abuse or corrosive atmospheres are 
possible, they have many desirable 
features when installed in exposed, 
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dry locations. And, although they 
are excluded from hazardous areas, 
they may be approved for use out- 
doors, provided their construction 
is raintight and prescribed for such 
locations. 

Standard sections generally are 
factory-provided with end couplings 
which serve to unify wireway com- 
ponents into rigid, coordinated in- 
stallations, serve to hold conductors 
in position pending installation of 
covers, and also lessen strains upon 
hinges, latches and screws. 

Concentric knockouts are pro- 
vided at close intervals along wire- 
way walls to permit outlets and 
extensions to be located conven- 
iently. And, in order to obtain ex- 
act routing or service configuration, 
accessory fittings may be selected 
from assortments of various-degree 
elbows, and caps and closure plates 
for discontinued openings, expan- 
sion couplings and telescopic fit- 
tings to adjust for exact dimen- 
sions, tees and cross-through sec- 
tions, pull boxes and reducing bush- 
ings, adapters and connectors. In 
addition, a large selection of sus- 
pension methods makes it possible 
to install wireways from walls or 
ceilings with covers located along 
sides, bottoms or tops of runs. 

When used as auxiliary gutters 
_to supplement wiring space at dis- 
tribution and meter centers, switch- 
boards or similar interior wiring 
centers, wireways provide com- 
mendable wiring capacity, although 
(as defined by Code Art. 374) they 
may not be used to directly support 
or contain switches, overcurrent 
devices, apparatus or appliances. 
Auxiliary gutters (except for ele- 
vator applications) are limited to 
lengths of 30 ft beyond the equip- 
ment they supplement; covers must 
be securely fastened, and intervals 
of support may not exceed 5 ft. 

Since auxiliary gutters fre- 
quently are custom-built to conform 
with special job conditions, the code 
prescribes construction details 
quite explicitly; stating that assem- 
blies must be completely enclosed; 
with surfaces (interior as well as 
exterior) treated to resist corro- 
sion; with rounded bushings, 
shields or smooth fittings located 
wherever conductors might pass be- 
tween gutter sections or around 
bends, through partitions, into 
junction boxes or cabinets; and 
sheet metal must be at least 16 
gauge when any section has a width 
exceeding 6 in.; 14 gauge when such 
widths go to 18 in.; 12 gauge with 
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METERS ARE GROUPED neatly —above 
series of auxiliary gutters which effec- 
tively extend wiring facilities of central 
control cabinet. Screwed covers may be 
removed when access is necessary, 


widths up to 30 in., and 10 gauge 
when widths are still greater. 

Where essential to exclude mois- 
ture, dust or oil from enclosures, 
seams should be welded and covers 
gasketed and clamped. 

Wireways and auxiliary gutters 
alike are limited to 600-volt appli- 
cations, with fill limited to 20% of 
cross-sections, and with not more 
than 30 conductors contained at 
any cross-section of an installation 
(except in cases where wiring con- 
sists of motor controller conductors 
used for starting purposes only). 


Surface Metal Raceways 


Advantages of surface metal 
raceways and multi-outlet assem- 
blies are similar to those associated 
with wireways in general. However, 
due to their inherent qualities of 
compactness and lighter construc- 
tion features, their applications are 
accordingly restricted. The Na- 
tional Electrical Code specifies that 
no conductor larger than No. 6 be 
contained therein and that volt- 
ages be not greater than 300 be- 
tween conductors, unless enclosure 
metal is .04 in. in thickness or 
greater. The code further dictates 
that surface metal raceways and 
multi-outlet assemblies can be in- 
stalled only in dry locations where 
not subjected to severe physical 
abuse or corrosive vapors; thereby 
precluding their use in hazardous 
areas and hoistways. 

In general, such raceways cannot 
be concealed, although sections ap- 
proved for the purpose may be used 
as underplaster extensions; metallic 
raceways may be partially em- 
bedded (back and sides) in walls; 
non-metallic assemblies may be re- 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1962 


SELECTION of hinged-cover wireway sec-_ 
tions, angles, tees, and closures, cou-~ 
plings and supporting brackets establishes — 
continuously-accessible raceway for this 


compact panel assembly. , 


cessed into baseboards, and un-— 
broken lengths of raceways may be $ 
carried through dry partitions, 
walls and floors, provided covers are © 
installed on all adjacent, accessible © 
sections, and no outlets fall within — 
confines of walls or floors them- 
selves. ; 
Selection of surface raceway com-— 
ponents includes numerous shapes — 
and sizes of cross sections; com-— 
pact assemblies having widths and 
depths of less than 3-in. to meet 
minimum  single-circuit require- 
ments, with progressively larger 
assemblies providing up to 4 sq in. 
of interior wiring space in one vat 


ee ae 


C= 


more compartments which may be 
covered separately or by a single, 
wide, common cover which a 


.4 


| 


MULTIPLICITY of outlets required to 
handle diversified testing equipment in 
a magnetics plant dictated installation of 
four banks of surface metal raceways 
along backs of four 30-ft long benches. 
Bottom two runs are 120-volt 60-cycle 
single-phase service for instrument and 
test lines, while third line provides 115 
volts single-phase current at 400 cycles, — 
also for test purposes. Fourth line pro- 
vides for a future patch system. Ivory 
receptacles and stainless steel flush plates 
are easily seen against grey finish of sur- 
face raceways. Note branch sub-panel 
at near end of bench, with end fittings 
for service connection of upper two race- 
ways. 


| 


| 
| 


| RESIDENTIAL USE of surface metal raceways initially considered channels having 
same depths as baseboards, with outlets either wired on jobsites (often resulting 
| in too few outlets and high labor factors) or wired as fixed-interval assemblies at 
| the factory (which disregarded furniture arrangement and flexibility). More recent 
| trends have included duplex receptacles, 3-wire circuiting and raceways having con- 
tours to harmonize with numerous baseboard designs. 


Present trend is to have 


| raceways serve dual purpose as wiring medium and baseboard, with multi-outlet 
{metal assemblies combining electrical adequacy and convenience with modern, trim 


appearance and safety. 


‘utes to over-all appearance and 
simplifies the wiring procedure in 


general. : be 


The larger raceways are applic- 
able for many industrial, research 
or repair shops, where circuitry 
serves numerous electric tools, 

| small motors, heating units or test- 
ing devices. And, for modernizing 
office space, it is possible to install 
bevelled-edge “pancake” types of 


surface raceways to carry power, 
lighting or telephone service across 
floors, without requiring chan- 
nelling and without introducing 
serious tripping hazards. 

Surface metal raceways and 
multi-outlet sections are neat -in 
appearance and relatively inexpen- 
sive; sturdy in construction and 

simple in design; tamper-resisting 
and safe; quickly installed and ac- 
_cessible. They provide practical 
solutions to modernization prob- 
lems, such as serving additional 
outlets from previously-installed re- 
mote supply sources, and they also 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1962 


esi 3 


constitute readily-accessible wire- 
ways for electrical services subject 
to expansion or rearrangement. 


Ventilated Cableways 


Many modern electrical installa- 
tions involve multiplicities of power 
and control cables. And, to make 
maximum use of limited space, con- 
ventional wiring methods some- 
times are bypassed in favor of sup- 
porting wires and cables in quanti- 
ties in accessible, flexible, ventilated 
trays, troughs, ladders, baskets, 
racks or trusses. When properly in- 
stalled, spaced and protected, such 
cableways have distinct advantages. 

While cableways are not intended 
for use as general purpose race- 
ways, their installation should be 
governed by applicable raceway 
provisions, as outlined in NEC 
Arts. 250, 300 and 310. Moreover, 
since ventilated assemblies do not 
in themselves completely protect 
wires and cables from fumes, heat, 


DROP-OUT openings for cables may be 
full width of cable trays or rectangularly 
framed, round or nippled to permit at- 
tachment of conduits. 


ZB V1 
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CONNECTION of cable tray and trough 


sections is accomplished variously by 
splice plates, pins, bolts or clamping 
channels which may be installed quickly 
and easily with common tools such as 
hammer, pliers or wrench. 


moisture or similar deleterious con- 
ditions, their use should be limited 
to the support of such wiring medi- 
ums as mineral-insulated metal 
sheathed, armored, non-metallic 
sheathed, service-entrance or un- 
derground feeder and branch cir- 
cuit cables. They also may be used 
to support raceways. 

The several ventilated support 
mediums permit ready inspection, 
rearrangement, maintenance and 
augmentation of circuitry. Light in 
weight and open in construction, 
they likewise provide ventilation 
and cleanliness. Obtainable in steel 
or aluminum with various surfac- 
ing treatments, they combine cor- 
rosion resistance with high heat re- 
flectivity and strength. And, when 
it becomes expedient to protect ca- 
bles against the possibility of fall- 
ing debris, excessive dirt or drip- 
ping moisture from above, trays 
and troughs may be covered with 
solid, louvered or expanded metal 
top plates. 
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Busways basically consist of 
“current-carrying conductors sup- 
ported by insulators within’ metal 
enclosures.” This definition encom- 
passes considerable latitude. For 
example, conductors may vary in 
composition (copper or aluminum) ; 
cross section (rectangular, oval or 
beamed; solid or hollow) or con- 
figuration (phase bars grouped or 
interleaved). Conductors also may 
be bare or insulated, with surfaces 
silvered at joint connections and 
power tap points to minimize con- 
tact resistance at these locations 
only, or bars may be silvered for 
their entire lengths. 

Enclosures similarly may be fully 
ventilated, totally enclosed or con- 
stitute combinations of these con- 
ditions. Conductor supports like- 
wise may vary in composition, de- 
sign and spacing, depending upon 
engineering concepts and intended 
alignments (horizontal or vertical) 
of busways. Casing contours like- 


BUSWAYS 


wise are numerous, dictating use of 
equally numerous types of hangers 
and brackets for support. And, de- 
pending upon materials used and 
construction details, spacing be- 
tween supports may be modified in 
accordance with rigidity and 
weight considerations. 

Busway variations also relate to 
intended use. For example: Is an 
installation to be indoors or out- 
doors? Is it to be used as a point- 
to-point feeder or as a distribution 
medium to permit power take-off 
devices to be positioned as desired 
along its length (plug-in)? Is it 
necessary or desirable to minimize 
reactance and voltage drop? Are 
power take-off devices subject to 
movement (trolley)? Are busways 
intended to serve intermittent 
high-amperage demands (resist- 
ance welding), or is it their pur- 
pose to carry high-frequency cur- 
rents (in some cases up to 20,000 
cycles) for applications such as 


LOW IMPEDANCE totally-enclosed busway carries power from outdoor 
substation to interior switching center, with subsequent in-plant distribu- 


tion utilizing ventilated busways as shown. 


Note variety of edgewise and 


flatwise elbows, trapeze and clip-on hangers that snap into ventilation slots. 
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high-frequency fluorescent lightin, 
induction heating, electronic or | 
oratory processes. These and othe 
considerations introduce so man 
variables that selection and app 
cation possibilities are almost limi 
less for transmitting power at 60 
volts or less. 


Application Scope 


Ruggedly constructed, unifor 
in component duplication, easy T 
install and obtainable with co 
figurations and characteristics 7 
meet most demands of seconda 
power distribution systems, bus 
ways merit serious consideratiot 
for many applications. 

Busways are used for feeders be 
tween main power supply sources 
and transformers, switchboards 
distribution centers or terminal 
for plug-in busway continuations 
Used for such purposes, feeder bus: 
ways are recommended for carrying 
power vertically to upper-floor con 
trol and distribution centers in higt 
commercial structures, public build 
ings and institutions, as well a: 
running laterally to switchgear 
substations or major distributior 
points in industrial plants. 

Where current densities are higl 
and maximum power distributioi 
efficiency is essential or desirable 
busbars may be interleaved in orde 
to achieve minimum reductions il 
voltage levels; such arrangement 
resulting in lowered impedance dui 
to balanced phasing conditions. 

While feeder busways are not in 
tended to accommodate intermitten 
branch taps, fixed-location powe 
take-off provisions may be obtaine: 
by locating tap boxes at joints be 
tween standard-length sections. 

Busways find wide application fo 
plug-in distribution mediums, witl 
power-tap provisions uniforml 
spaced at frequent intervals, s 
that insertion of take-off device; 
permits great flexibility in locat 
ing or relocating machinery an 
electrical equipment. Branch cir 
cuits then can be established a: 
easily and quickly as in open-wirt 
systems, yet maximum personne 
safety and physical protection i 
provided by conductor-enclosing 
housings. 

Busways are used for movabl 
power sources, wherein sliding o1 
rolling trolleys can “follow the jol 
along continuous outlets,’ making 
it possible to feed production-lin 
portable tools, cranes and hoists 
mobile lighting units and similarl) 
shifting loads, without requiring 
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\EXIBLE CONNECTORS with busway at- 

chments at either end simplify routing 
‘oblems, since flexible unions accommo- 
“ite expansion, eliminate necessity for 
‘ecial elbows and transpositions, and 
Uirmit offsets or random angles to by- 
“iss obstructions or change direction at 
Bill.. 


_ Since trolley busway sections are 

vailable in curved as well as 
traight units, and are light in 
reight and easy to install, layouts 
jiay be designed functionally to 
‘ypass obstructions or to follow 
ractically any desired contour. 
ind, since trolleys may be discon- 
jected and reinstalled by simple 
‘rocedures, they constitute movable 
\vanch-circuit outlets which can 
ie relocated quickly to bypass other 
‘rolleys or to be shifted to other 
rolley busways if so desired. 


Components and Accessories 


_ In addition to straight busway 
jections, wide assortments of com- 
yonents and accessory power take- 
ff devices are available to satisfy 
in almost limitless variety of layout 
tonditions. Included in this cate- 
yory are elbows, tees, crosses and 
offsets in both flatwise and edge- 
wise configurations, available with 
sither copper or aluminum conduc- 
‘ors. There also are end closure 
sections to prevent accidental con- 
tact with busbars by personnel; 
also to protect the bars themselves. 
Cable tap boxes are available for 
either end or center feed-in or take- 
off of conductors contained within 
rigid or flexible conduit, while ex- 
pansion joints compensate for vari- 
ations in expansion and contraction 
of building structures or (in long 
straight busway installations) of 
the busways and bars themselves. 
Liberal assortments of flanges 
also are available for use when bus- 
Ways pass through walls or parti- 
tions, flat or inclined roofs, curbed 
or flat floor slabs. Flanged end con- 
nections and busbar stubs are also 
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used to directly join busway throats 
to switchboards or transformer tap 
openings, or flexible housing sleeves 
and braided current-carrying con- 
nections may be inserted between 
busbar and transformer secondary 
load terminals to isolate vibration 
and hum from distribution systems 
at these initial points. And, where 
low-reactance busway character- 
istics are to be obtained, transposi- 
tion sections are available wherein 
phase bars are grouped at one end 
for terminal connection and then 
are rearranged so that bars of dis- 
similar phasing are balanced as de- 
scribed previously. 

Since various manufacturers 
offer straight busway sections in 
standard lengths between 1 to 10 ft 
installations may be “tailored” to 
closely coincide with desired lay- 
outs. In addition, adjustable-length 


MULTIPLE PHASE BARS are herein 
grouped and connected to lugs to ac- 
commodate leads dropping to switchgear 
assemblies. 


sections are available whereby ex- 
act dimensions may be obtained 
simply by loosening bus and hous- 

~ing clamp bolts, adjusting sliding 
components, then retightening the 
bolts. This feature speeds installa- 
tion routines and simplifies design 
procedures by insuring exact field 
dimensions and eliminating possible 
delays relating to delivery of spe- 
cial rigid fittings. 

The trend towards installation 
simplification also is evidenced by 
the introduction of fewer-bolt 
clamps that simultaneously connect 
adjacent busbars and _ housings; 
this same connection feature per- 
mitting maintenance men to re- 
tighten bolts without de-energizing 
the systems, and also permitting a 
slight movement of busbars; there- 
by compensating for differential ex- 
pansion between bars and housings 
and eliminating the necessity for 
conventional expansion sections. 

Flexibility and simplification of 
component connections likewise is 
possible through use of short, flex- 


ible armored cable sections fitted 
with suitable busway attachment 
boxes. Since such flexible connec- 
tions are obtainable in various 
lengths and may be twisted or bent 
into limitless patterns, their use 
permits elimination of elbows, off- 
sets, expansion fittings, switch- 
board connections and transposi- 
tions. 

At points where large-capacity 
feeder busways feed smaller-capac- 
ity branch-circuit runs, adapter 
boxes containing fuses, circuit 
breakers or combinations thereof 
may be specified while either fused 
or non-fused adapters also may 
be obtained for progressively reduc- 
ing amperage capacities of long 
busway installations. 

As to plug-in or clamp-on busway 
devices, possibilities include capaci- 
tor plugs, a convenient means for 
reducing inductive losses and im- 
proving power factors of distribu- 
tion systems; transformer plugs de- 
signed with or without magnetic 
contactors, designed, for example, 
to furnish single-phase current at 
reduced voltage from 3-phase 3- 
wire busways; ground detector 
plugs, with resistors located be- 
tween busbars and grounded cas- 
ings, and with low-wattage lamps 
mounted outside cubicles to give 
visual indication of grounded phase 
conditions; also temperature indi- 
cating plugs. 


Code Limitations 


Availability of busway sections, 
accessories and take-off devices in 
such profusion, however, does not 
constitute “carte blanche” permis- 


SINGLE BOLT, tightened by key wrench, 
exerts ton of pressure upon silvered inter- 
leaved busbar contact surfaces, assuring 
positive electrical contact. Busbars, sepa- 
rated by arc-resistant insulators, are 
clamped by stacked spring washers. When 
tightened, bolt is practically flush with 
housing flange, permitting inspection 
from floor and tightening of bolts while 
system is hot. Connection likewise accom- 
modates differential expansion between 
busbars and housing. 
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TROLLEY BUSWAY constitutes continuous outlet, permitting power take- 


offs related to movable tools to be shifted as desired, and allowing light- 
ing fixtures to be suspended and connected in flexible, functional patterns. 
Wide variety of simple suspension methods, fast connection of busway 
sections and easy insertion of trolleys contribute to multifunction distri- 


bution system. 


sion to install busways in all loca- 
tions or to solve all secondary dis- 
tribution problems. For example, 
as defined by Section 364 of the Na- 
tional Electrical Code, busways only 
can be installed exposed, and then 
only in non-hazardous areas, or 
where not subject to corrosive 
vapors or severe physical abuse. 
Similarly they cannot be installed 
in hoistways, in wet or damp loca- 
tions, or outdoors unless specifically 


DESIGN OF BUSWAY installations are 
simplified due to liberal selection of flat- 
wise and edgewise elbows, tees, crosses, 
end closures, tap boxes, adapters, flanges 
and straight sectiens which may be ob- 
tained in fixed or adjustable lengths. 


designed and approved for such ap- 
plications. 

The code permits use of busways 
as service entrance mediums and 
also permits wide latitude in the 
nature of branch circuits (includ- 
ing other busways, rigid or flexible 
metal conduit, electrical metallic 
tubing, surface metal raceways, 
armored cable or heavy-duty ex- 
tension cords). Yet it simultane- 
ously suggests that the length in 
feet of plug-in busways used as 
branch circuits should not (in gen- 
eral) exceed three times the am- 
perage rating of the busways, and 
it prevents ventilated busways 
from being carried vertically 
through floorslabs; demanding that 
totally enclosed sections be used in 
such instances and continued for 
distances of 6 ft above floorslabs 
to obtain adequate protection 
against physical damage. Also, bus- 
ways may be carried horizontally 
through dry walls, provided no 
joints or connections are located 
at those exact points. 


Ratings and Weights 


Since busways are produced by 
many manufacturers, each offering 
assortments of outdoor and indoor, 
ventilated and enclosed, low-reac- 
tance and conventional, feeder and 
plug-in, copper and aluminum bar 
assemblies, it is apparent that de- 
signers can select mediums to sat- 
isfy innumerable combinations of 
amp ratings, bar configurations, ac- 
cessory devices, supporting means, 


Hook clip at top of plug-in unit to top 
of duct. It supports itself 


Then, just swing plug-in unit down 
until jaws engage bus bars 


HOOK AT TOP of plug-in device clips’ 
to top of busway housing to prevent! 
possibility of unit dropping during sub- 
sequent connection operations. Hook’ 
also serves as fixed fulcrum to insure 
proper alignment of device with take-off, 


: 


section and fitting dimensions and 
weights. Moreover, special sections 
may be specified and obtained to 
satisfy conditions of unusual na- 
ture. And, while all busways are 
characterized by distinctive fea- 
tures, this fact generally does not 
preclude using different types and 
makes in combination to supple- 
ment each other in integrated elec- 
trical systems. 

Due to this diversity it is neither 
feasible nor practical to herein in- 
clude complete listings of all com- 
binations of electrical and physical 
characteristics, although it may be 
generally noted that low reactance 
busways designed for indoor usé 
may be selected in small-increment 
steps from 600 amps to 5600 amps 
with copper bars, or up to 5000 
amps with aluminum buses. Simi- 
larly, the ampere range of totally 
enclosed outdoor feeder busways 
goes up to 4000 for copper and 3000 
for aluminum. Plug-in busways 
classified for 600-volt ac use pre- 
dominantly remain in the range 
from 250 to 1000 amps, although 
plug-in systems rated up to 1500 
amps may be obtained on special or- 
der, while lower-load users may ob-- 
tain plug-in systems designed to 
meet smaller power requirements in 
the order of 250 amps down to 20. 

This generalization is subject to 
an additional comment that some 
busways now are being rated on 
the basis of a 55-degree C rise 
above ambient temperatures when 
carrying full-load current under 
laboratory conditions, rather than 
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being rated by the formerly-preva- 
hog “rule of thumb” density meas- 
jure of 1000 amps per sq in. Reason- 
jing behind the newer theory is that 
current-carrying capacities can be 
affected considerably by heat dis- 
sipation from busbars, and that this 
in turn is influenced by bar insula- 
‘tion, ventilation, heat convection, 
‘conductance, spacing of bars or 
‘their relationship to bus supports 
vand housing; these several factors 
‘Suggesting that determination of 
‘ratings solely on the basis of cross- 
sectional areas is subject to debate. 
| In selecting busways, therefore, 
it is pertinent to check the rating 
‘method, since “nominal” ratings 
can vary by as much as 50% under 
this dual-rating situation. 
| Comparisons of weight likewise 
necessitate generalization, since 
“similar” ampere ratings must be 
related to such additional factors 
as number of bars in assemblies 
(2-, 3- or 4-wire systems, half or 
full neutrals, single or multiple 
_bars per phase) ; whether bars are 
bare or insulated; whether enclos- 
/ures are ventilated or enclosed; 
'formulas by which amp ratings 
| were determined; also ratios of bar- 
stock to enclosure metal and over- 
all weights of assemblies. For ex- 
ample, a 2-bar single-phase alumi- 
-num-bus enclosed system obviously 
will contain a far smaller weight- 
percentage of barstock than will a 
copper 4-wire full-neutral venti- 
lated installation. 
Again in generalities, therefore, 
it may be stated that busways con- 


A 


sidered collectively average ap-. 


proximately 20 lbs per ft per 1000 
amps of current-carrying capacity, 
although this “mean” weight is sub- 
ject to plus-or-minus fluctuations 
of 25% or more, depending on vari- 
ables noted above. In this compari- 
son, assemblies containing alumi- 
num busbars may be from 5% to 
30% lighter than copper assemblies 
with equal amp ratings. 


_ Trends Affect Selections 


Since over-all weight of a bus- 
way system in turn affects shipping 
costs, handling and _ installation 
labor, spacing of required supports 
and so on, the lighter poundage of 
aluminum assemblies is an influ- 
ential consideration. 

Another trend is towards more 
compact design, making it possible 
for smaller cross-section runs to be 
installed in tighter quarters. 

Connection methods likewise are 


,) ae outs 


BUSWAY APPLICATIONS are advantageous in many types of structures. For 
example, upper sketch shows low-irnpedance feeder busways used to bring power 
from outside source to main interior switchgear of tall commercial building (c), then 
carrying power to upper-floor control centers (b and c). Lower sketch shows use 
of weatherproof feeder busway connecting outdoor transformer with interior switch- 
gear of industrial plant (d); feeder busway then connecting with center-tap of 
plug-in system (e), while plug-in busways are used to carry power to machines, 
tools, welders and local panelboards (a and fi). 


being simplified, as evidenced by 
fewer-bolt compression joints which 
not only speed installation routines 
but also permit checking and tight- 
ening of joint pressures between 
interleaved busbars from the out- 
side of a busway while the system 
is either hot or dead. Keyed ends 
of busbars likewise are speeding 
assembly by promoting automatic 
alignment of these elements. 
Previously-mentioned adjustable- 
length sections are other practical 
innovations, while simplification of 
hangers and brackets is reducing 
installation procedures to relatively 
simple sequences of positioning, 
connecting and supporting sections 
and components. Such contributing 
factors towards faster, easier as- 
sembly are abbreviating installa- 
tion periods considerably; some 
contractors reporting time savings, 
compared with formerly-required 
schedules, 25% to 30%. 
Improvements in design and con- 
struction likewise are obtaining 
higher short-circuit ratings, pre- 
vention of traveling arcs and lower 
voltage drops, while safety at plug- 
in points is being enhanced by 
safety slides over openings, polar- 
ized bus-connecting medium, inter- 
locked switches and cubicle covers. 
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As to busway supporting devices, 
i addition to conventional clamp 
hangers, a new line of snap-on de- 
vices attach directly to busway 
flanges or, in some ventilated de- 
signs, directly into ventilation 
slots themselves. Such hook, snap 
and strap hangers may be placed 
at any desired location along bus- 
way runs, rather than at fixed posi- 
tions as was necessary with some 
former assemblies. Other hangers 
are simply secured by inserting 
them between busway housing 
flanges from above, and spinning 
bolts into locking plates. 


SOPHISTICATED DESIGN of feeder bus- 
ways includes such products as epoxies 
and fiber glass in combination with 
totally-enclosed aluminum housings and 
fewer joint bolts, are small in cross sec- 
tion, with greatly reduced reactance. 
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In modern electrical systems, a 
wide variety of switches is used for 
ON-OFF control of loads and for 
no-load circuit opening for isolation 
of equipment. Selection of the 
switch best suited to a specific task 
involves a number of considera- 
tions: 

1. The electrical rating and char- 
acteristics of the switch must be 
proper for the circuit function to 
be performed. The switch must 
have the right number of poles and 
the proper voltage and current rat- 
ings for carrying the load im- 
pressed on it. If it is intended to 
interrupt current, it must have a 
suitable interrupting rating and 
must be suited to the nature of the 
load—resistive or reactive. For 
motor loads, hp rating must be con- 
sidered. The switch must also be 
capable of withstanding the thermal 
and magnetic stresses of short cir- 
cuits to which it might be sub- 
jected. This latter requirement de- 
mands careful correlation of short 
circuit available at the point of 
switch installation, short-circuit 
rating of the switch and the time- 
current characteristic of protective 
devices in the circuit. 

2. Construction of the switch as- 
sembly must be suited to the usage 
that the switch will get. Switches 
used frequently must have sturdy 
make-up to assure long, trouble-free 


life. Such factors as contact mecha- , 


nisms, arc suppressors, speed of 
“make” and “break” actions must 
be evaluated. 

38. Auxiliary provisions—such as 
fuseholders or electrical operation 
of the contact mechanism—must ee 
considered. 

4, Enclosure Pree ME a Be 
of housing for place of installation, 
interlock .between enclosure cover 
and operating handle, provisions 
for locking switch in the OFF posi- 
tion—must be carefully weighed. 

The foregoing considerations can 
only be made from a clear under- 
standing of the characteristics of 
the many types and sizes of switch- 
ing equipment available. 

Basic construction and operating 
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characteristics provide a means of 
classifying switches: ; 

Number of Poles—In any 
switch, there are one or more line 
terminals and a corresponding num- 
ber of load terminals. Each pair of 
line and load terminals is called a 
“vole.” Therefore, the number of 
line terminals or load terminals will 
determine how a switch is to be 
classified as to number of poles. 
The number of poles corresponds to 
the number of conductor paths 
through the switch. There are l1-, 
2-, 3-, 4-, and 5-pole switches in use 
in systems. 

A “solid-neutral” switch is a 
switch with a number of poles (line 
terminals) equal to the number of 
wires carried through the switch, 
but with a solid conductor strap 
between a line terminal and the cor- 
responding load terminal. The let- 
ters “SN” are used to designate 
“solid neutral.” The grounded con- 
ductor of grounded systems is con- 
nected to these terminals. The 
switch contacts, then, open and 
close only the ungrounded conduc- 
tors. The solid neutral strap is 
counted as a pole. 

Contact Breaks—When opening 
a current path, a switch may break 
contact at one or two points in the 
current path. If it breaks at one 
point in each pole, it is called 
“single-break” type. If the switch 
breaks contact at two points in each 
current path, it is “double-break”’ 
type. 


One poim 
of break 


— 


Knife blade or 
contact on arm 
operated by 
switch handle 


Single- break 


Knife or butt contact 
bridging member oper- 
ated by switch handle 


Two points 
of break 


Type il 


Two knife blades 


pivot on rotor 
4 . operated by 
ieee switch handle 
Type 2 
Double- break 


’ 

Number of Throws—A switch 
may have one or more distinct 
closed-circuit positions. The vast 
majority of switches are single- 
throw type—i.e., a single closed cir- 
cuit position. However, double- 
throw switches—with two different 
closed positions, providing either of 
two circuits through the switch— 
are commonly used to switch a 
load from one supply to another or 
to switch a supply from one load tes 
another. 

Type of Contact—The two com- 
mon types of contacts used in 
switches are: knife-blade pressure 
contact; and high-pressure “butt” 
contact between fixed and movable 
contacts. 

Method of Operation—Switches 
may have their contact mechanism 
actuated either by mechanical 
means or by electrical means. 
Where application of the hand to a 
switch handle provides all of the 
actuating force, this is mechanical 
operation. It is also mechanical 
operation when pressure acts on a 
pressure switch, or a cam on a limit 
switch, or liquid on a float switch. 
It is electrical operation when the 
hand or some automatic initiator 
closes the circuit to a solenoid or 
motor drive which then supplies 
the force to actuate the contacts. 


NE Code 


The National Electrical Code 
provides much guidance in the 
selection of switches. Various sec- 
tions set forth ratings and other 
characteristics required for specific 
applications. And right at its be- 
ginning, the code gives specific 
definitions for types of switches re- 
ferred to in the code, as follows: 

GENERAL USE SWITCH: A 
switch intended for use in general 
distribution and branch circuits. 
It is rated in amperes and is ca- 
pable of interrupting its rated cur- 
rent at its rated voltage. 

MOTOR CIRCUIT SWITCH: A 
switch, rated in horsepower, ca- 
pable of interrupting the maximum 
operating overload current of a 
motor of the same horsepower rat-. 
ing as the switch at the rated volt- 
age. 

ISOLATING SWITCH: A switch 
intended for isolating an electric 
circuit from its source of power. It 
has no interrupting rating and is 
intended to be operated only after 
the circuit has been opened by some 
other means. 

Section 110-9 of the code applies 
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|) switches (as well as to circuit 
jreakers, fuses, relays, contactors) 
ad says that “Devices intended to 
jreak current shall have an inter- 
japting capacity sufficient for the 
oltage employed and for the cur- 
jant which must be interrupted.” 

| It is interesting to note that the 
jode does not require that discon- 
jecting means be provided for 
ranch-circuit conductors or for 
jeeder conductors. The code does 
lave specific rules on disconnects 
jor service entrances, appliances, 
aotors and other “loads” but re- 
uires only overcurrent protection, 
thich may be only fuses, for branch 
‘ircuits and feeders. However, Sec- 
‘ion 240-18 requires that discon- 
jecting means be used on the line 
jide of cartridge fuses where they 
re accessible to other than qualified 
ersons to permit opening the cir- 
‘uit before handling the fuses. 
(his, in effect, requires the use of 
witches when such fuses are used 
/0 protect the circuits. 


Cartridge fuses for feeder or branch- 
circuit protection 


Line Load 


Switch needed to disconnect fuses when 
fuses are accessible to unqualified 
persons 


Section 230-70 requires that a 
means be provided for disconnect- 
ing all conductors in a building 
om the service entrance conduc- 
tors. This service disconnect may 
be a manually operated switch or 
circuit breaker, equipped with a 
handle or other suitable operating 
means. 


“Switch for service disconnect must be 
“manually-operable by a direct-connected 
“handle external to the enclosure. 


To operating 
Coil’ in switch 


Pushbutton 
‘station 


outside Remote operation 


service through an electro- 

entrance magnetic control 

room circuit may be used 

\ in addition to the 
required manual 

, operation. 


Note: Some local codes require both types 
‘ of operation. 


4 


} 


The service disconnecting means 
must have a rating not less than the 
load to be carried. In general, a 
service disconnect switch must not 
be rated less than 60 amps. For in- 
stallations consisting of not more 
than two 2-wire circuits, a 30-amp 
minimum rating may be used. For 
single-family residences with an in- 
itial load of 10 kw or more (com- 
puted by code Section 220-4), the 
service switch must be rated not 
less than 100 amps. 

One of the most important code 
requirements on service disconnect- 
ing means is that the device be “ap- 
proved” for service equipment. Ac- 
cording to the definition given in 
Article 100, “approved”? means ac- 
ceptable to the authority enforcing 
the code. But because Underwriters 
Labs has standards, conducts tests 
and furnishes label service cover- 
ing design and construction of 
service equipment, inspectors in- 
variably base their acceptance of a 
service switch on its UL label, at- 
testing to its suitability. In this 
way, the inspector very wisely 
shares with UL the responsibility 
for the word “approved” and af- 
fords maximum safety for the ap- 
plication, 

Article 380 of the code is entitled 
“Switches” and presents a number 
of major requirements directly af- 
fecting selection of switches, as fol- 
lows: 

1. Switches must be of the ex- 
ternally operable type enclosed in 
metal boxes or cabinets, except 
pendent and surface type snap 
switches and _ knife switches 


“mounted on an open-face switch- 


board or panelboard. And a switch 
in a wet location or outside of a 
building must be enclosed in a 
weatherproof enclosure or cabinet. 

2. A circuit breaker operable di- 
rectly by applying the hand to a 
lever or handle may serve as a 
switch provided it has the number 
of poles required for such switch. 

3. Knife switches rated for more 
than 1200 amps at 250 volts or less 
and for more than 600 amps at 251 
to 600 volts shall be used only as 
isolating switches and shall not be 
opened under load. To interrupt 
currents greater than 1200 amps 
up to 250 volts or 600 amps from 
251 to 600 volts, a switch must be 
of a special design approved for 
such purpose. Knife switches of 
lower rating may be used as gen- 
eral-use switches and may be 
opened under load. 

Article 430 of the code on 


“Motors and Motor Controllers” in- 
cludes references to switches. A 
switch may be used as a motor con- 
troller if it has a horsepower rat- 
ing not less than the horsepower 
of the motor. For a stationary 
motor rated 2 horsepower or less, 
and 300 volts or less, a general-use 
switch may be used as a motor con- 
troller if it has an ampere rating at 
least twice the full-load current 
rating of the motor. 


Switch with hp rating not 
taal than motor 


SS 
era 
Controller 


Amp-rated switch with rating 
twice that of motor 


ne 


Motor up to 
2hp, 300v 


Section 430-101 requires a means 
of disconnecting both a motor and 
its controller from all ungrounded 
supply conductors. Section 430-109 
says that this means must be a 
motor-circuit switch rated ‘n horse- 
power or a circuit breaker, with cer- 
tain exceptions. A  general-use 
switch rated twice the motor full- 
load current may be used as the dis- 
connect for motors rated up to 2 
hp, to 300 volts. For stationary 
motors rated over 50 hp, the dis- 
connect switch may be “a motor- 
circuit switch also rated in am- 
peres, a general-use switch or an 
isolating switch.” 


Controller 


g €q 
that of motor 


General—use switch 
rated twice motor 


amperes 
Controller 


Motor rated 
Z2hp or less 


Isolating switch not capable of interrupting 
stalled- rotor current 


9 Controller 


Must be marked 
"Do not open under load” 
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Selecting Size of 
Feeder Disconnect Switch 


Feeder 


Power panel 
feeding motor load or 
combination motor 
and lighting load 


Feeder disconnect switch—not 
the required disconnecting 
means for the motor load 

/ 


Fused switches — 
(1) Individually 


enclosed, or 
Q : : - Xor switchboard 
eS Oa ta as Ea is 
(3) In panelboard 


Feeder disconnect switch is sized as fol- 

lows: 

A. MOTOR LOAD ONLY IN POWER PANEL: 
The switch must have an ampere rat: 
ing at least equal to the required cur- 
rent rating of the feeder conductors. 
This current rating is equal to 125% 
of the full-load motor current of the 
largest motor fed from the power 
panel plus the sum of the full-load 
currents of the other motors fed from 
the panel. But the switch must accom- 
modate the fuses which protect the 
feeder and these may have a maximum 
rating equal to the largest rating or 
setting of branch-circuit protective de- 
vice in the power panel plus the sum 
of the motor currents of the other 
motors fed from the panel. This may 
require a larger switch. And if two or 
more motors fed from the panel must 
be started simultaneously, the starting 
current drain may be so heavy as fo 
require increased size of feeder con- 
ductors, fuses and the disconnect 
switch. 

B. MOTOR AND LIGHTING LOAD IN POWER 
PANEL:. The switch must have an am- 
pere rating at least equal to that re- 
quired for the motor load (as described 
above) plus the amperes for the light- 
ing and appliance load on the panel. 


A switch which satisfies the code 
on rating for use as a motor con- 
troller may also provide the re- 
quired disconnect means—the two 
functions being performed by the 
one switch—provided it opens all 
ungrounded conductors to the 
motor, is protected by an overcur- 
rent device (which may be the 
branch-circuit protection or may be 
fuses in the switch itself) and is a 
manually operated air-break switch 
or an oil switch not rated over 600 
volts or 100 amps. 


Safety Switches 


Safety switches are air-break 
switches which have their current- 
carrying parts enclosed in metal 
cases and which are manually op- 
erable by means of external han- 
dles. The word ‘safety’ derives 
from the enclosed form which re- 
duces the possibility of coming in 
contact with exposed energized 
parts of the switch assembly. 
Safety switches are referred to as 
“Enclosed Switches’ in’ NEMA 
standards and in the standards and 
“Electrical Construction Materials 
List’’ of the Underwriters’ Labora- 
tories. This latter “List” of the 
UL contains data on _ enclosed 
switches as follows: 

Enclosed switches with ampere 
rating are intended for general use. 
Enclosed switches with horsepower 
ratings in addition to ampere rat- 
ings are suitable for use in motor 
circuits as well as for general use. 

Enclosed motor-circuit switches 
are intended for use only in motor 
circuits, and are marked “Motor- 
Circuit Switch.” 


Switch Enclosures 


Type of enclosures used with enclosed switches are as follows: 


Type 1—General Purpose 


A general-purpose enclosure is intended primarily to prevent accidental contact. 
It is suitable for general-purpose application indoors 


with the enclosed apparatus. 


where it is not exposed to unusual service conditions. 


Type 3R—Raintight 


A raintight enclosure is intended primarily to meet the requirements for raintight 
apparatus. It will also meet the requirements for drip-tight, splash-proof and moisture- 
resistant. It is suitable for general application outdoors where sleetproof construction 


is not required, 
Type 4—Watertight 


A watertight enclosure is designed to exclude water applied in the form of a hose 


stream. 


It-is suitable for application where the apparatus may be subjected to a 


stream of water during cleaning operations and the like. It will also meet the require- 
ments for drip-tight, splash-proof and moisture-resistant. 
Type 7—Class | Hazardous Locations, Groups A, B, C or D—Air Break 

These are enclosures for use in corresponding hazardous locations from the 
National Electrical Code. Circuit interruption is made in the air. 
Type 9—Class Il Hazardous Locations, Groups E, F or G 

These are for use in corresponding hazardous locations. 


Type 12—Industrial Use 


An industrial-use enclosure is designed for use in those industries where it is 
desired to exclude such materials as dust, lint, fibers and flyings, oil seepage or 
coolant-seepage. It meets the requirements for dust-tight and oil-tight. 


152 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1962 


Ratings of listed bee | 
switches are limited to 3600 amp, | 
50 hp, 600 volts. When rated more} 
than 1200 amp at 250 volts or less}, 
or more than 600 amp at more than} 
250 volts, enclosed switches may be} 
intended and marked for isolating) 
use only. Ratings of listed enclosed }j 
motor-circuit switches are limited) 
to 50 hp, 600 volts. i! 

Enclosed motor-circuit switches} 
and enclosed switches with horse-}) 
power ratings are tested for inter- | 
rupting capacity at rated voltage} 
and at six times motor full-load| 
running current for ac ratings and 
at four times motor full-load run-} 
ning current for de ratings. ay 

Some enclosed switches have dual | 
horsepower ratings, the larger of | 
which is based on the use of fuses | 
with time delay appropriate for the} 
starting characteristics of the} 
motor. Switches with such horse-} 
power ratings are marked to indi-} 
cate this limitation and are tested | 
at the larger of the two assigned : 
hp ratings. 

Most enclosed switches are also 
suitable for use as service switches | 
and are marked “Suitable for Use 
as Service Equipment.” 

Enclosed switches are listed | 
under the Label Service of UL and 
a label is attached to each switch. 


y 
} 


NEMA Data 

Safety switches are made in. 
three different constructions based | 
on the use made of switches and the | 
places in which they will be in-| 
stalled. Basic NEMA data on these | 
types of switches are as follows: ~/ 

Heavy-duty switches, known as 


Disconnect Switch for 
Group of Motors 
(NEC 430-112) 


Single disconnect with rating 
equal to sum of horsepower 
(or current) ratings of all 

motors in group 


Motors 


Group of motors rated 600v or less: 


{ Driving several parts of a single 
machine - or 

2 The group is under protection of one 
set of short-circuit protection -or 


3 The group of motors is in one room, 
within sight from the disconnect 
location 


600 volts ac. Enclosures shall be 
industrial types—Type 12 (with 
or. without knockouts), 4, 7 or 9. 
Types 7 and 9 enclosures are for 
‘juse with unfused switches. 
Normal-duty switches, known as 
Type ND, are designed for less 
‘jsevere conditions of application. 
| They are widely used for industrial, 
jinstitutional and commercial ap- 
')plications where service demands 
4 are not severe. Typical applications 
“\include motor branch-circuit dis- 
‘connect and service entrance. They 
are rated 30, 60, 100, 200, 400, 600, 
| 800 and 1200 amps, up to 600 volts 
ac. Enclosures shall be Type 1 or 
SR. 

Light-duty switches, known as 
‘| Type LD, are designed for applica- 
| tions where switch operation will 
! be infrequent. They are commonly 
| used for service entrances in resi- 
| dences and for load and circuit dis- 
connects in commercial, light indus- 
trial and farm-type buildings. 
| Available ratings are 30, 60, 100 
and 200 amps, up to 240 volts ac. 
| Enclosures shall be Type 1 or 3R. 
| All three types of switches must 
| be equipped with provisions for 
_ padlocking—to positively lock the 
switch in the OFF position. 
Switches are rated in amperes 


i 


Si. 


| 

| Short-Circuit Duty of Fused Switches 
Current= limiting 
or other fuses 
with adequate’ 

/ interrupting 
ability. 


| Properly coordinated 
switch can close on 
short and withstand 
forces without failing. 


—s | 
' 
— ~~ 1 
— ~—_ I+ 
| Bolted short circuit on load-side of switch 


| may produce currents in excess of 
100,000 amps. 


Very high short-circuit currents available 
in modern electrical systems demand care- 
ful attention to the ability of a switch to 
safely take the energy let-through by the 
fuses in the switch during fault interrup- 
tion. This is also true of non-fusible 
switches in relation to short-circuit pro- 
_ tective devices in their circuits. Ability to 
‘take potential short-circuit current may 
require use of heavy-duty switch instead 
of normal or light-duty switch. 


a 


i in all cases. However, Types HD;~ 


Disconnect for Motor Rated More Than 50 HP 


Section 430-109 of the NEC makes a basic requirement that the disconnecting means 
for a motor and its controller be a motor-circuit switch rated in horsepower. For 
motors rated up to 50 hp, this is readily complied with, inasmuch as the UL lists motor 
circuit switches up to 50 hp, NEMA standards cover hp ratings of enclosed switches 
up to 50 hp and the manufacturers mark switches to conform. But for motors rated 


over 50 hp, the code does not require that the disconnect have a hp rating. 


It makes 


an exception to the basic rule and permits the use of ampere-rated switches or isola- 
tion switch, provided the switch has a carrying capacity of at least 115% of the 


nameplate current rating of the motor. 


Example: Provide a disconnect for a 100-hp, 3-phase, 440-volt motor. 


Use a non-fusible 


switch inasmuch as short-circuit protection is provided at the supply end of 


the branch circuit. 


The full-load running current of the motor is 123 amps. 


A suitable discon- 


nect must have a continuous carrying capacity of 123 x 1.15 or 142 amps. 


This calls for a 200-amp, 3-pole switch rated for 480 volts. 


The switch 


may be a general-use switch or a current-and-hp marked motor-circuit switch 
or an isolation switch. A motor-circuit switch with the required current and 
voltage rating for this case would be marked for 50 hp, but the horsepower 


rating is of no concern. 


The code requires that isolation switches for such applications be marked 


“Do Not Open Under Load.” 


If a fusible switch had to be provided for the above motor to provide dis- 
connect and short-circuit protection, the size of the switch would be deter- 
mined by the size and type of fuses used. Using a maximum fuse rating of 
300% of motor current (Code Table 430-152 or 430-153) for standard NEC 
fuses, the application would call for 400-amp fuses in a 400-amp switch. 


This switch would certainly qualify as the motor disconnect. 


However, if 


time-delay fuses are used, a 200-amp switch would be large enough to take 
the time-delay fuses and could be used as the disconnect (because it is rated 


at 115% of motor current). 


ND and LD switches are also rated 
in horsepower. In the HD and ND 
types, switches rated 400 amps or 
less and 250 volts or less and 
switches rated 200 amps or less and 
above 250 volts are required by 
NEMA standards to be capable of 
interrupting motor  locked-rotor 
current. Type HD switches must be 
able to interrupt locked-rotor cur- 
rent equal to ten times the full-load 
current ratings given in the NE 
Code for ac motors of correspond- 
ing hp rating. Types ND and LD 
switches must be able to interrupt 
current equal to six times full-load 
current of corresponding hp rating. 

HD and LD switches must be 
able to interrupt 150% of their cur- 
rent rating. ND switches must 
have the same interrupting ability 
for switches up to 1200 amps at 
250 volts or less and up to 600 amps 
for voltages above 250. 

Safety switches are made in non- 
fusible and fusible types. The non- 
fusible type is used for disconnect 
and control of feeder and branch 
circuits where overcurrent protec- 
tion is provided in other devices. 
The fusible type is equipped with 
fuseholders to accommodate inser- 
tion of fuses in the ungrounded 
legs. Fused switches are used to 
provide disconnect and overload and 
short-circuit protection for feeders 
and branch circuits. Fusible 
switches take cartridge fuses from 
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30 amps up. Light duty switches 
are available for- use with plug 
fuses up to 30 amps. 

It is interesting to note that 
NEMA standards require that a 
fused enclosed switch be marked, 
as part of the electrical rating, 
“Continuous Load Current Not to 
Exceed 80% of the Rating of Fuses 
Employed in Other Than Motor 
Circuits.” This derating takes into 
account the heating effect of the 
fuses on the switch and the lower 
operating point of the fuse due to 


Switch for Continuous Load 


Fusible switch selected to hold fuses 25% 
larger than continuous load current 


80-A continuous 
load other 
than motor load 


|00-A fuses in 
1OO-A switch 


Because fuses are rated according to their 
ability to carry current continuously when 
placed in open air, on a bench, in a hori- 
zontal position, consideration must be 
made of the effect on fuses of heat ac- 
cumulation due to their enclosed mount- 
ings in safety switches. To assure continu- 
ous opertion of loads—minimizing the 
chance of nuisance fuse blowing—fusible 
switches must be rated to accommodate 
fuses which are at least 25% higher in 
rating than load currents which will be 
flowing for several hours or longer. An- 
other way of stating this application re- 
quirement is that the load current must 
not exceed 80% of the fuse rating. 
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Disconnect Means for Separate Control Power 


480 -volt 480- volt 
3- supply ao 3-$ supply 
to motor I20-volf to motor 
RE Si ee control circuit PSE 


4-pole motor 
disconnect switch 
(fused or unfused, 
as required) 


for operating —=~ 
coil of starter 


One pole provides 
disconnect for 
control circuit 
ungrounded leg 


3-pole 
motor.. 
disconnect 
with auxiliary 
contacts to inter- 
lock switch with 
controller by switch- 
ing ungrounded 
control leg 


METHOD 2 


Pushbutton 
control 
station 


METHOD | 


Section 430-74 of the NEC rules on disconnection of coil control circuits of magnetic 


motor starters says: ‘Control circuits shall be so arranged that they will be discon- 
nected from all sources of supply when the disconnecting means is in the open posi- 
tion. The disconnecting means may consist of two separate devices, one of which 
disconnects the motor and the controller from the source of power supply for the 
motor, and the other, the control circuit from its power supply. Where the two sepa- 
rate devices are used, they should be located immediately adjacent one to the other. 
The above illustrations show two methods of providing for disconnect of separate 
control power without the use of additional switch device. The alternative to the 
above methods is to use a suitable switch in an enclosure, adjacent to the power 
disconnect. 

METHOD 1 shows use of a power disconnect with one more pole than required for 
the power circuit. The extra pole then switches the control circuit, assuring complete 
absence of power on load side. 

METHOD 2 shows the use of a power disconnect switch which contains auxiliary con- 
tacts (as a typical case, one normally-closed and one normally-open contact) to inter- 
lock the starter control circuit with the disconnect. The mechanical arrangement is 
such that when the handle of the disconnect switch is moved from the ON to the 
OFF position, the auxiliary contacts in the control circuit open to kill the control 
power and open the starter before the contacts in the power circuit of the switch 
actually open. Such interlocking puts the load-break task on the starter. To provide 
that feature the interlock can be used even when the control power is taken from 
the motor-controller-line terminals. 


Switched Neutral for Gas Stations 


120/240V I20/240V 
1-¢,3-W {-$,3-W 
| | Moin switch Sehaleg a 
- switch wi 
sume nee switched neutrol <2, 
ae \n-in neutral 
nH NAS 
~F++~-) DP switches with 
ar Sw ( one fuse and solid 
Sed switched neutral 
for each 2-w circuit to Gasoline dispensing 
Neutral or through dispensing pumps on island 
block pump or island 
GAS STATION 
PANELBOARD 


Section 514-5 (in Article 514 on Gasoline Dispensing and Service Stations) of the NEC 
makes a specific requirement on “Circuit Disconnects.” It states: ‘Each circuit leading 
to or through a dispensing pump or island shall be provided with a switch or other 
acceptable means to disconnect simultaneously from the source of supply all con- 
ductors of the circuit, including the grounded neutral, if any.” The above sketches show 
how this can be accomplished using either a gas-station type panelboard, which has its 
bussing arranged to permit hookup of standard solid-neutral circuits in addition to 
the switched-neutral circuits required, or using one or more enclosed safety switches 
which the manufacturers make available for direct use in switched neutral circuits. 
Another way of supplying such switched-neutral circuits is with circuit-breaker type 
panelboards for which there are standard accessory breaker units, which have a trip 
element in the ungrounded conductor and only a switching mechanism in the other 
pole of the common-trip breaker. 
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7 ) 
the fact that it is enclosed. Th) 
nameplate rating of the fuse is i} 
open air, in a horizontal position) 

A fusible switch can take eithe} 
standard NE Code fuses or time 
delay fuses—up to the rating of th} 
switch. Because a given sizé 0) 
time-delay fuse can “hold” on th 
starting current of a motor large) 
than that which could be used witl} 
a standard fuse of the same rati 2 
fusible switches are given two hy} 


| 


ratings—one for use with standard 
fuses, the other for use with time} 
delay fuses. For example, a 30} 
amp, 2-pole, 240-volt ae switch ij 
rated at 13 hp for single-phas 
motor application using 30-am 
standard NEC fuses. But, using| 
30-amp time-delay fuses, the samé 
switch is rated at 3 hp for single! 
phase motor applications. Similarly 
a 200-amp, 3-pole, 240-volt ac switel! 
is rated at 25 hp for 3-phase motoi 
applications using standard fuses 
and at 50 hp using time-delay fuses’ 

Non-fusible switches have hy 
ratings which correspond to the hy 
ratings of the same size and type of 
fusible switch using time-delay 
fuses. That is, a non-fusible switch 
has the higher of the two hp rat- 
ings assigned to the same switch 
in the fusible type. 

Typical features of modern gen- 
eral-use switches include: 

1. Quick-make quick-break oper- 
ation of contacts to minimize con- 
tact wear due to ares, better suit- 
ing the devices to interrupting 
inductive load currents and closing 
on high inrush currents. Types HD 
and ND switches have spring. 
loaded mechanisms to provide ef. 
fective quick-make, quick brea 
contact operation. LD _ switches 
may have spring assist. 

2. Visible blade construction t 
readily indicate position of switcl 
contacts, whether ON or OFF, anc 
to facilitate inspection and mainte 
ance of parts. 

3. High-pressure fuseholders t 
tightly clamp fuses in position, re 
ducing contact resistance and con. 
sequent heat rise and providing 
longer, more reliable fuse life an¢ 
lower switch maintenance. 

4, Interlocking cover with han- 
dle to prevent opening the covel 
with the switch in the closed posi- 
tion, providing increased safety tc 
personnel, with a means for author- 
ized persons to defeat the interlock. 

5. Padlocking provisions to posi- 
tively lock the switch with contacts 
in the OFF position, for safe main- 
tenance in electrical systems. 
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| throw types, 
switch finds frequent application — 


jen 


' 6. Double-break contacts to pro- 


| vide the better arc suppression of 


breaking contact at two points in 


be each path of current flow, for cooler 


operation and extended contact life. 

7. Are quenchers or chutes for 
cooler, faster current interruption. 

8. Removable switch interior to 
| provide easy mounting of the en- 
\closure and ready wire pulling. 

9. Circuit-breaker contact mecha- 
nism in larger sizes of heavy-duty 
switches (200 amps, up) to provide 
efficient load interruption up to 12 


| times switch rating, using individ- 
\|ual pole-springs and deionizing arc 


chutes and suited for use with cur- 
rent-limiting fuses at points of very 
‘high short-circuit duty. 

10. Switch assembly reversible to 


| place line terminals at top or bottom 
| for straight-through wiring. 


Although most applications . of 
general-use switches call for single- 
the double-throw 


‘for manual transfer tasks. Heavy- 
duty and light-duty double-throw 
switches are made in fusible and 
| non-fusible types for manual load 
_ transfer or for motor reversing. 

| 


Panelboard Switches 


A wide variety of switches are 
made for use in _ switchboards, 


i 


panelboards and motor control 
centers. Such switches are designed 


[' for group mounting, with their line 


terminals supplied from the bus- 
bars in the assembly. Their method 


| 


of installation clearly differentiates 


them from safety switches, which 
are individually enclosed: although 
some panelboard type switches are 
available in individual enclosures. 
Panelboard switches are always 
front operated due to their mount- 
ing. There are turnover pullout 


{ 


Operation of Rotary 
Contact Assembly 


Double-break contact 
at each pole splits 
arc into two smaller 
segments — provides 
cooler operation and 
longer contact life 


Blades are visible 
for positive 
indication of 
switch position 


Handle 
~ 
~ Rotating blades set through insulating 
crossbar bridge line and load terminals in 
ON position 
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Basic Concept of Quick-Make Quick-Break 
"Off" position 


a ae of 
. i t . 
Moving contact ———>* ¢ over-center’ mechanism 


member 


"On" position Load 

4 ise terminal 
Line 
terminal Mechanical connection 
to moving contact is 
electrically insulated 


from contact 


contact 


ae 


Switch handle for this arrangement 
only has to push connecting link 
from right-to-left to open or left- 
to-right to close switch 


Moving 
pivot 
point 


Force of compressed spring 
powers opening andclosing of 
contacts. Switch handle permits 
operator to apply power to com- 
press spring to get mechanism 
“over center, then spring force 
controls operation. 


QUICK-MAKE QUICK-BREAK operation of switch contacts is accomplished by one or 
more springs in a wide variety of possible mechanical arrangements to perform the 
basic action indicated in this simple diagram. High spring pressure and low friction 
produce snap-action opening and closing, completely independent of handle once 
operation is initiated. Contact making or breaking cannot be ‘teased’; high-speed 
action cannot be retarded by handle. Handle is not fastened to contact operator. It 
serves only to “load” the spring mechanism and then to trip the mechanism. 

In switches with “spring-assist’” or ‘spring-accelerated’” mechanisms, the operating 
handle is fastened to the contact operator and does all of the opening and closing 
action, but a spring over-center mechanism is added to supplement the force which 
the hand applies to the switch handle. 

Some switches of the light-duty type have a mechanism for quick-break only in the 
larger size units (60-amp and above). 

Quick-make quick-break mechanisms are usually placed inside the switch housing, 
in the gutter. Some switches, however, have the mechanism in.the handle assembly on 
the outside of the switch enclosure, providing unobstructed gutters on both sides of 
‘the switch interior. 


Double-Break Contacts in Enclosed Chamber 
(Basic Single-Pole Action of 
one Type of Double Break) 


Movable Two arcs Movement of chamber 


enclosed take place actuated by switch handle 

contact here 

assembly in 

arc chamber Clamping 


sprin 
Fixed contact ees 


Pe For i Movable 
contact 
Slug 
OPEN CLOSING CLOSED 
OR 
OPENING 


1. Enclosed arc chamber reduces arc burning action on contacts by limiting air in 
the chamber during opening, snuffing out the arcing action. 

2. Two points of current-interruption break opening arc energy into two arcs in 
series. This action extinguishes arc with reduced travel of contact assembly. 

3. Magnetic fields around the series arcs are opposed to each other, forcing the arcs 
into longer paths and into the walls of the chamber, which transfers the heat and 
cools the arc, aiding extinguishing of the arcs. 

4. Movement of a movable slug in the chamber provides wiping action of surfaces 
carrying current during ON position of the switch, and shape of the slug and fixed 
blades keeps arcing action at parting corners, away from normal carrying surfaces. 

5. Assembly provides quick-make quick-break action through spring-pressure drive 
of handle and actuating mechanism which moves the enclosed head assembly. 
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Typical Features of Enclosed Knife Switch 


Switch jaws must be 


substantial to dissipate heat, 


spring-loaded over entire 


contact area and designed to 


keep arc damage from contact area 


Oe 


Belleville spring 
washers on knife blade 
hinge can assure low 
heating and long hinge life 


Positive pressure fuse clips 


Visible blades 
positively reveal 
de-energized 
position and 
condition of 
contact surfaces, 
provides easy 
servicing 


Saas 


Switch handle that 
stays with switch 
will give dependable 
indication of contact 
position. 


can assure low resistance and 
high conductivity, minimizing heat 
accumulations which cause fuse- 
blowing and even damage to switch 


Line Shield for 
Dead-Front “Off” Position 
Insulating plate or insulating arc- 
chamber barrier protects against contact 
with line-side parts, making switch dead- 
front in"OFF" position for safe main- 
tenance 


Line 
terminals 


Load terminals 


Knife Design Isolates 
Are Burning 


Burning and beading 
due to arcs are only at 
tips keeping normal 
current-carrying 
contact surfaces 


Topered end of 
fixed member 
draws arcing 

action of current 
interruption to ends 
of members 


Moving 
blade or 
Jaw 


OPEN POSITION 


Fixed blade f 
or jaw i 


CLOSED POSITION 


Lay-In Terminal Lugs 
for Switches 


ed screw plate 


For larger sizes of conductors—MCM | 
sizes—and for aluminum wires, lay-in | 
type terminal lugs in switches offer ad- | 
vantages of speed and ease of terminal | 
connections. Wires are simply laid in | 
the empty yoke and then the screw, screw | 
plate and pressure plate are assembled on | 
the yoke and the terminal tightened. This | 
eliminates difficult bending and training | 
of stiff conductors in confined space of | 
enclosure end gutter, which may be re- 
quired with push-in type terminals. 


Compact-Type Switch 
for Limited Space 


: i Interior removable 
Line terminals for easy wire pulling 
shielded by in some units 


Arc chambers with 
double-break 
contact mechanism — 
for each pole 
enclosed under fuse 
mounting plate 


quick-make quick- 
break mechanism 
controlling contact 
assemblies. Some 


hove handle in door. 
Door hinged on bottom 
or on side 


Types of Panelboard Switches 


Snap switches in fuse-type panelboards. 


Pullout switches with fuses in pull cover, 
rated in hp and current up to 200 amps, 
for use in service and distribution panels 
or individually enclosed for service main 
or feeder, 2 or 3 poles, usually 240-volt 
light-duty applications. 


Hinged-door pull units with fuses on inside 
of door (shown here) or with only blades 
inside door and fuses in the box, rated in 
hp and current up to 600 amps, for use 
in power and distribution panelboards and 
switchboards, or individually enclosed for 
service or feeder, light-duty use. 


Heavy-duty, industrial-type, hinged-door, 
quick-make quick-break. switches with 
front-mounted, rotary-action handles, 
rated in hp and current up to 1200 amps, 
600 volt, ac, for use in power and dis- 
tribution panelboards and switchboards 
and in combination motor starters in con- 
trol centers. 
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|-pole and 2-pole quick- 
make quick-break 30- 
amp tumbler switches for 
120-v and 240-v 
branch circuits with 
plug fuses in lighting 
panelboards 


Twin unit for panel Blades on fuse 


clips make double- 
break contact 
assembly 


Fuse block 
has "ON"and 
OFF position 


units, hinged-door pull-action units 
and rotary-handle hinged-door 
units—all incorporating their own 
fuses. There are also snap switches’ 
used. The turnover-pullout switches 
are generally confined to service 
equipment and lighting and appli- 
ance panels for residential and com- 
mercial use. Such pullout units are 
made up to 200 amps for 120/240- 
volt circuits and are current and 
dual-hp rated for standard or time 
delay fuses. There are also 3-phase 
pullouts, up to 600 volts. The pull- 
out feature of such switches may be 
equivalent to locking “OFF.” 

The pull switches and rotary-han- 
dle switches of the hinged-door 
types are made in ratings up to 600 
amps, 600 volts. These switches 
are widely used for switchboards, 
power panels and for motor control 
centers. They are for heavier duty 
application than the pullout type 
switches. And the rotary handle 
switches are of quick-make quick- 
break design for long, reliable op- 
erating life under heavy use. 
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Busway Switches 


| Fusible and non-fusible switches 
jfor use on plug-in busway systems 
jJare made available by the manu- 
\facturers of busway. Generally, 
|these switches have electrical rat- 
jings and operating constructions 
jsimilar to the hinged-door pull-ac- 
‘tion and rotary-handle switches 
jJused with panelboards. Busway 
jswitches are made with current and 
/horsepower ratings. Typical plug- 
‘in units are made up to 600 amps. 
|Fusible switch cubicles for pro- 
tecting reductions in size of busway 
/are made in higher ratings. 


Bolted-Pressure Switch 


| A wide range of types and sizes 
‘ef switches is available for use in 
‘modern high-capacity feeder and 
service entrance applications. In 
the range from 200 amps to 1200 
amps, up to 600 volts, service en- 
trance and feeder applications can 
use heavy-duty, quick-make quick- 
break fusible safety switches. In 
the range from 1200 amps up to 
6000 amps, either the bolted-pres- 
sure switch or the power circuit- 
breaker type load interrupter is 
used. 

Many high-capacity secondary- 
voltage service entrances make use 
of bolted-pressure contact switches. 
Typical switches of this type are 
made in sizes from 1200 amps up. 


Action of Bolted-Pressure Switch 


Stationary 


1 _ Bolt can turn to 
single blade 4 


squeeze jaw 
blades together, 
Providing "bolted- 
contact" pressure 
onfixed single 
blade in closed 
position 

Crank which 
tightens jaw bolt 


Moving 
member is 
double- 

bladed, _ 


Rotating bolt 
hinge for tight - 
ening jaw blades 
here. 


OPEN 


Double levers, pivoted 
together, to apply force 


Bolt is turned by crank 
tightening jaws on fixed 


blade contact Crank is rotated 


by lever. 


Closing 
movement Fixed pin trips 
pivot between 
cronk and lever 


Lower section of 
lever tightens 
bolt hinge for 
high-pressure 
electrical contact 
here 


CLOSED 
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Tap Switches for Plug-in Busway 


COVER- 
OPERATED 
FUSIBLE 
PLUG-IN DEVICE 
30-200 AMP 
HP RATED 


Switches suitable for operation by 
hook-stick provide ready accessi- 
bility to motor disconnect on 
busway, satisfying code 
requirements. 


FLOOR OPERABLE 
QUICK-MAKE 
QUICK- BREAK 

SAFETY SWITCH ~ 

PLUG-IN DEVICE 
30-600 AMP | 

HP RATED 


Hook-stick should provide ready 
opening and closing of switch 
from the floor. 


Section 380-8 of the NEC requires that: “Switches and circuit breakers, so far as 
practicable, shall be readily accessible and shall be grouped.’ The code definition for 
“readily accessible” is “capable of being reached quickly, for operation, renewal or 
inspections, without requiring those to whom ready access is requisite to climb over 
or remove obstacles or to resort to portable ladders, chairs, etc.’ From that, a switch 
used as a plug tap from busway is not “readily accessible.’ 

If the busway tap switch feeds down to a lighting or power panel, it could be said 
that the use of the switch on the busway is acceptable under the exceptions inferred 
by the phrase “so far as practicable’’ in Section 380-8. And this is supported by the 
fact that although the code requires fuses and other overcurrent devices to be readily 
accessible (Section 240-16), it makes an exception in the case of overcurrent protec- 


tion in busway plug-in taps. 


When a busway tap switch serves as the disconnect means for a motor, however, 
there seems to be no escaping the rigid rule of Section 430-107—"The disconnecting 
means (for a motor and its controller) shall be readily accessible.” Various inspection 
groups and widely accepted practice recognize the use of a hook stick to operate the 
busway switch as making the switch “readily accessible.” 


They are generally manually op- 
erated with external handles. Most 
common application is in a general- 
purpose, ventilated enclosure, either 
individually enclosed in an incom- 
ing line section or combined within 
a main secondary switchboard. 
Such a switch is generally used with 
high-capacity fuses of either the 
current-limiting or non-current 
limiting type, depending upon bus 
bracing and coordination require- 
ments. 

Modern bolted-pressure switches 
are rated for breaking load, with- 
standing let-through thermal and 
magnetic stresses during fuse op- 
eration on short circuit and for 
closing against a short circuit. 
Typical units are rated for load 
breaks up to 150% of the nameplate 
current rating, at 75% to 80% 
power factor. Design is such that 
after a large number of such rated 
load breaks, the switch is still ca- 
pable of carrying full-load current 
continuously without dressing the 
contacts. 

With proper fusing, the assembly 
is capable of fault clearance 
through the fuses. With the switch 
closed and fitted with high-inter- 
rupting-capacity fuses, faults well 


in excess of 100,000 rms amperes 
at 600 volts can be cleared promptly 
and safely without damage to 


equipment or personnel. 


BOLTED PRESSURE SWITCH is used in 
typical application for service disconnect 
and overcurrent protection (when fuses 


are installed) for 1200-amp, 240-volt 
3-phase service to a commercial building. 
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Fused Load-Interrupter Switches 
(Basic Concept for 600-volt Units) 


Knife contact used in one 
type of mechanism— 
others use butt contact. 
Contact assembly has 


circuit-breaker 
performance By 


Moving arc 


Stationary arc 
contact 


Arc quenchers 
added here 


AX 
electrical 
operator 


Moving main 
Powerful contacts 
springs 
Load 
Current - limiting 
fuse (single-element 
or time-delay type) 


COMPOSITE RESUME OF AVAILABLE FEA- 
TURES: Used for control and protection on 
heavy-duty feeders and for service dis- 
connect and protection (only if manually 
operable). Continuous current-carrying 
ratings up to 4000 amps (with fuses), up 
to 600 volts, 3-phase. Switch has load- 
break rating up to 12 times nominal cur- 
rent rating and is completely coordinated 
with fuses which provide time-delay pro- 
tection against overloads and current-limi- 
tation to minimize let-through energy on 
ground and short faults up to 200,000 rms 
symmetrical amperes. Switch can close 
on and withstand thermal and magnetic 
stresses of such faults, with switch open- 
ing on single fuse blow to prevent single 
phasing. Stored-energy spring mechanisms 
for quick-make quick-break operation, with 
manual operation and remote electrical 
operation. Assembly mounted in separate 
enclosure, in switchboard or in draw-out 
switchgear housing for ready maintenance. 


LOAD INTERRUPTER SWITCH is shown 
in bottom section of cubicle for use in 
conjunction with solid material power 
fuses, in top section, to provide discon- 
nect and overcurrent protection for 4160- 
volt service to transformer in building. 


Load-Interrupter Switch 


Another type of high-capacity 
switch for use where currents are 
in the range of thousands of am- 
peres is the fused interrupter. 
Fused interrupter switches are 
made for service entrance and 
feeder applications for systems 
under 600 volts. Such a switch is a 
fully coordinated combination of a 
circuit-breaker mechanism and cur- 
rent-limiting fuses. Character- 
istics of such a switch are as fol- 
lows: 

1. Increased safety and lower 


maintenance due to the quick-make _ 


quick-break operating mechanism 
which makes speed of operation in- 
dependent of force applied by the 
operator. 

2. Load-interrupting ability in 
the switch itself up to 12 times 
rated current and ability to safely 
close against short-circuit currents. 

3. Suitability for use where 
short-circuit current is as high as 
200,000 amps rms _ symmetrical, 
with fault interruption accom- 
plished by the fuses. 

4, Standard provision for elec- 
trical operation from a remote con- 
trol position. Such remote opera- 
tion is required by some local elec- 
trical codes for service entrance 
application. 

Typical low-voltage fused inter- 
rupters are rated from 800 amps up 
to 4,000 amps, continuous. The 
switching mechanism is based on 
that used in low-voltage power cir- 
cuit breakers—the so-called “large 
air breaker.” The complete assem- 
bly—switch and fuses—is available 
in a free-standing general-purpose 
enclosure or for mounting in a 
dead-front switchboard. 

The advantage of the fused in- 
terrupter lies in its ability to as- 


- sure safe and reliable switch inter- 


ruption of normal current and over- 
load current up to the value of over- 
load current at which the fuses 
provide automatic, instantaneous 
clearing of the fault. There is then 
no possibility of switch operation 
above the ability of the contacts 
to safely interrupt fault current. 
In the case of a switch with an in- 
terrupting ability equal to its con- 
tinuous rating, there is hazard in 
operation of this switch on a low- 
level fault current which is above 
the switch interrupting rating, but 
is not high enough to open the fuses 
before someone could open the 
the switch. Onening such a switch 
at a current above its interrupting 
rating could damage or even destroy 


“a 
the switch. In theory, such hazard 
obtains whenever the switch has an 
interrupting rating less than the 
current’ value at which the fuses 


operate instantaneously. 


High-Voltage Switches 


Switching for modern high- 
voltage electrical systems can be 
provided by a number of different 
equipment installations. For any 
particular case, selection of the best 
arrangement depends upon: the 
point of application—either for out- 
side or inside distribution or as 
service equipment; the voltage; 
the type of distribution system— 
radial, loop, selective, network; 
conditions—accessibility, type of 
actual layout of the equipment; job 
atmosphere, use; future system 
expansion; and economic considera- 
tions. 

Modern high-voltage distribu- 
tion in the range from 2300 volts 
up to 15,000 volts makes use of 
several types of switches. These 
include: 

1. Enclosed air-break load-inter- 
rupter switchgear with power fuses, 

2. Oil-filled cutouts (fused or un- 
fused), and 

3.  Oil- immersed 
switches. 

Modern air load-interrupter 
switchgear in metal safety enclos- 
ures is finding even wider applica- 
tion in high-voltage distribution 
systems, in combination with mod- 
ern power fuses. Such metal-en- 
closed fused load interrupters offer 
a fully effective alternative to use 
of power CBs, with substantial 
economies, in many primary voltage 
systems for commercial and indus- 
trial buildings. Typical applications 
for such switchgear parallel those 
of power CBs and include the fol- 
lowing: 

1. In switching centers—Switch- 
gear is set up for control and pro- 
tection of individual primary feed- 
ers to transformer load centers. 
Here an incoming service bay is 
switched to bussing from which the 
feeders are tapped through indiyid- 
ual fused load interrupters. 

2. In substation primaries— 
Load-interrupter switchgear is used 
for transformer switching and pro- 
tection in the primary sides of sub- 
stations. 

3. In substation secondaries— 
Here the switchgear is used as a 
switching center closely coupled to 
a high-voltage transformer sec- 
ondary. 


disconnect 
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4. In service entrances—This is 
a single-unit application of a 
switchgear bay for service entrance 
disconnect and protection in a pri- 
mary supply line. In many applica- 
tions, more than one such assembly 
is used for multiple supply circuits, 
often in combination with emer- 
gency automatic transfer. 

Fused air  load-interrupter 
switchgear, typically rated up to 
2000 amps, can match the ratings 
and required performance capabili- 
ties of power circuit breakers for 
a large percentage of applications 
in which either might be used. The 
load-interrupter switchgear does 
not provide as quick reclosing after 
fault opening as a CB because fuses 
have to be replaced. And it does 
not offer differential-relay protec- 
tion of transformers against in- 
ternal faults. Both of these short- 
comings, however, are not gener- 
ally sufficiently important in most 
industrial and commercial systems 
to warrant the substantially higher 
cost of CB. 

Oil-filled cutouts are also find- 
ing wide use as low-cost switching 
and, where desired, protective 
mechanisms for primary electrical 
systems. The oil-filled cutout is a 
completely enclosed, single-pole as- 
sembly with a fusible or non-fusible 
element immersed in the oil-filled 


housing and two terminals on the. 


outside. The circuit is broken 
safely and rapidly by an internal 
mechanism made up of the fuse or 
a blade in its carrier and two con- 
tacts which the carrier bridges in 
the closed position. Operation is 
controlled at the end of the mecha- 
nism’s shaft which comes out of the 
top of the unit. 

With oil-filled cutouts, the switch- 
ing of loads or breaking of fault 
current is confined within a sturdy 
grounded metal housing. By con- 
fining are flame and current rup- 
ture forces, operation is safe and 
quiet. The cutouts are especially 
suited where there are explosive 
gases or inflammable dusts, where 
complete submersion is possible, 
where severe atmospheric condi- 
tions exist or where exposure of 
live electrical parts might be haz- 
ardous. 

Oil-filled (sometimes called “oil- 
fuse”) cutouts are made in three 
sizes based on continuous current 
rating—100, 200 and 300 amps. 
They are rated for use up to 15 kv. 
Such cutouts are made in three 
basic types: (1) pole-type cutout 
equipped with rubber-covered leads 
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Common High-Voltage Load-Break Switches 


Fused Load-Interrupter Switch 


Line Switch ratings are 600, 1200 or 2000 amps, continuous cur- 
; rent ratings, up to 15 kv. 

Air—break Switch operating mechanism must provide that contact assem- 

pe? switch bly can be closed and will be held closed by the operating 


Manual or 


power 
operating 
mechanism 


mechanism against the maximum fault current that the line 
can deliver into a bolted short on the load terminals of the 
fuses, until the fault is cleared by the fuses. Switch must 
not be damaged in the closing or by the let-through energy. 
It should be noted that momentary and short-time fault rat- 
ings of such switches (such as 40,000 asymmetrical amps for 
10 cycles and 25,000 symmetrical amps for 4 seconds, in the 
case of a 600-amp switch) apply only to the carrying ability 
of the contact assembly while held closed against the mag- 
netic forces which would open the switch. 


In application, 


these ratings do not necessarily represent the safe closing 
rating, which is the maximum current the operating mecha- 
nism can close and hold against. 


Oil-Filled Cutout 


mechanism 


Mounting 


Braeke? Fill oil here 


Line or load Load or line 


Non- polarized 
terminals 


from the terminals—for use in open 
wiring applications; (2) pothead 
cutout equipped with an insulated 
cable from one terminal and a sleeve 
on the other terminal for connect- 
ing a lead-sheathed or rubber- 
covered cable from an underground 
circuit; (3) subway-type cutout 
with a sleeve for lead or rubber 
cable on each terminal. 

For multi-phase circuits, two or 
three cutout units can be group 
mounted with a gang-operating 
mechanism for simultaneous op- 
eration. Load-breaking capability 
of the oil-filled cutout and its ef- 
fective fault interruption suits it to 
many industrial and commercial ap- 
plications for service equipment, 
for switching outdoor lighting for 
sports fields and shopping centers, 
and for transformer load centers. 
The oil-filled cutout is often the 
best device for a given application. 

Oil-immersed _ disconnect 
switches are used for load control 


Expansion chambers increase 
short-circuit rating 


Single-pole cutout 


Handle inserts here to rotate 
top and internal switching 


Fuse or solid link used in 
rotating assembly which 
bridges contact posts 


Inter- 
Circuit Maxi- | rupting 
Voltage mum Ratings 
Phase-to- | Current | Max. 
phase Rating- RMS- 
Amp | Amperes 
100 6,000 
2,400 200 11,000 
300 11,000 
100 6,000 
4,160 200 11,000 
300 11,000 
100 5,000 
4,800 200 10,000 
300 10,000 
7,200 100 3,750 


and for sectionalizing of primary- 
voltage underground distribution 
systems for large commercial and 
industrial layouts. Made for high 
power handling—such as 400 amps 
up to 34 kv and 1000 amps up to 
600 volts—this type of switch can 
be located at transformer load 
center primaries or at other stra- 
tegic points in cable circuits to 
provide a wide variety of section- 
alizing arrangements—to provide 
alternate feeds for essential load 
circuits. Made for either manual 
or power operation, switches are 
available for as many as five switch 
positions and ground positions to 
ground the feeder or test-ground 
positions for grounding or testing. 
Other types of load-break oil 
switches for use up to 15 ky pro- 
vide either manual or electrically 
powered switching for all types of 
circuits. When electrical operation 
is used, the switch functions as a 
high-voltage magnetic contactor. 
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A fuse is the simplest device used 
to open an electrical circuit when 
excessive current flows due to over- 
load or short circuit. A fuse is a 
series circuit device which, when 
properly applied, will continuously 
conduct the current for which the 
fuse is rated but will internally 
open the circuit if the current flow 
through it should exceed the normal 
value. Based on performing this 
simple function, fuses are made in 
a wide variety of types and sizes— 


with a wide selection of continuous 
current ratings, differing abilities 
to interrupt fault currents, various 
speeds of operation for either quick 
opening or time-delay opening, dif- 
ferent internal and external con- 
structions and both low- and high- 
voltage ratings. 

The operating element of a fuse 
is the internal link assembly which 
will respond to the I°R heat power 
generated by the current flow 
through the fuse. The continuous 


Basic Types of Fuses (Up to 600 Volts) 


Single fuse link in 
arc-quenching filler 
clears overload or short 


spacer 


aligns and Fuse link is 
supports bolt-mounted for 
ends and removal after 
knife blades blowing 


Standard or current-limiting, large, high- 
conductivity links in arc-quenching filler 
pass overloads but open quickly on short 
circuits, 


Ae FSO 


LSE 


us 


Time-delay 
melting unit 
clears overloads only. 


Sand filler for cooling and quenching arc 


High-conductivity silver fuse links 

carry load current with very low heating 
of fuse but open quickly on overload or 
short and provide limiting of current 
below value which is available, 
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ONE-TIME FUSE: 

Rated for 250 or 600 volts, up to 600 amps. 
Used for resistive type loads, without inrush 
or surge currents, or where size of fuse masks 
levels of inrush. Offers effective and economi- 
cal use on steady-state loading, when maxi- 
mum potential fault currents are not in 
excess of 10,000 amps. 


RENEWABLE FUSE: 

Generally similar to one-time fuses, with 
economy of link renewal instead of complete 
replacement after blowing and with availabil- 
ity of longer time delays through more de- 
tailed link design. Suited to use with resistive 
and motor loads, particularly in industrial 
areas or where operating conditions promote 
high occurrence of shorts and overloads. 
Time-delay ratings suit fuses to motor feed- 
ers and subfeeders where individual motor 
starting currents can take advantage of load 
diversity in conjunction with the limited time 
delay. 


DUAL-ELEMENT FUSE: 

Same continuous current and voltage ratings 
as one-time fuses, but with interrupting 
ratings up to 100,000 amps and, when the 
fuse contains current-limiting short-circuit 


‘links, up to 200,000 amps. Suited to protec- 


tion of any and all types of loads, with very 
long time delay for motor inrush. 


CURRENT-LIMITING FUSE: 


‘Rated for 250 or 600 volts. Fuses rated up 


to 600 amps are made for use with standard 
or special (rejecting type) knife-blade or fer- 
rule clips. Fuses rated from 601 to 6000 amps 
are for stud mounting. All have fast, current- 
limiting action, minimizing let-through. 


HIGH-CAPACITY FUSE: 

Rated for 600 volts or less, from 601 to 6000 
amps. Suited for heavy-duty mains and feed- 
ers. Not designated current-limiting, but has 
current limitation on high value faults. Also 
has time-delay to held on overcurrents. Has 
same IC as current-limiting fuses—200,000 
amps. 


current rating of the fuse is that 
value of current up to and includ- 
ing which the fuse will conduct 
without opening. NEMA Standards 
set forth conditions under which 
fuses are to be tested to determine 
their current rating, which is the 
designated rms ac or the de current 
which the fuse will carry continu- 
ously. 


current on a 60-cycle circuit. They 
are tested in the open, mounted in 
a horizontal position on a bench or 
board—either in a single-pole fuse- 
holder for fuses up to 600 amps or 
connected to busbars for larger 
fuses. In this test, the fuse must 
be capable of carrying 110% of 
rated current indefinitely without 
any damage to the assembly. Be- 
cause ratings are checked in the 
open, consideration must be given 
to effective derating of fuses when 
they are enclosed under conditions 
of heat accumulation. It is common 
to take the rating of a fuse as 
100% of rated current value when 
enclosed by a switch or panel hous- 
ing. But due to the heat generated 
by many fuses, the continuous load 
on a fused switch should be held to 
80% of the rating of the fuses. 

A first breakdown of fuse types 
can be made on the basis of general 
construction. There is the cartridge 
fuse and the plug fuse. Both pro- 
tect a circuit in the same way, by 
opening its current-responsive ele- 
ment when an overcurrent or short- 
circuit current passes through it. 
Each type is available with various 
characteristics. And although there 


are applications where either cart- ; 


ridge or plug fuses may be used, 
each type has certain exclusive 
areas of use. 


Cartridge Fuses 


A cartridge fuse is a fuse con- 
sisting of a current-responsive ele- 
ment inside a fuse tube with ter- 
minals on both ends. On the basis 
of operating characteristics, cart- 
ridge fuses may be divided into the 
following categories: 

1. Single-element fuses have a 
current-responsive element of a sin- 
gle fusing characteristic. These are 
the fuses usually referred to as 
“standard NEC (National Elec- 
trical Code) fuses.” They are avail- 
able in two forms— 

A. Non-renewable fuse, the so- 
called “one-time” fuse, cannot be 
restored for service after it blows 
and must be discarded and replaced 
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Fuses are tested at a constant | 


ia 


185% 


by another fuse. Such fuses are 
available for either 250 volts or 
600 volts, up to 600 amps. Ordinary 
one-time fuses have comparatively 
little time delay in their operation. 
The fuse will carry 110% of its 
rated current continuously in open 
air and about 100% of rated cur- 
rent installed in an enclosure. 

At currents above 110% rated 
value, the fuse will blow. It will 
blow after some time delay on low 
overloads and will blow quickly on 
shorts or high overloads. Fuses 
rated up to 60 amps must blow in 
not more than 60 minutes when 
(125% - when enclosed) of 
rated current flows; and on 200% 


(190% when enclosed) rated cur- 
rent, fuses rated to 30 amps must 


blow in no more than two minutes 


and fuses rated 31-60 amps must 


blow in no more than four minutes. 
Fuses from 61 to 600 amps must 
not hold for more than two hours 
on 135% of rated current. On 200% 
current, such fuses must blow in 
maximum times as follows: 61 to 
100 amps, 6 minutes; 101 to 200 
amps, 8 minutes; 201 to 400 amps, 
10 minutes; and 401 to 600 amps, 
12 minutes. 

The foregoing values establish 
maximum allowable time delays ac- 
cording to NEMA Standards. Time 
delays of ordinary one-time fuses 
fall far short of these values. As a 


result, they are generally suscepti- 


ble to blowing on harmless over- 
loads and motor starting currents. 
They are suitable for use on cir- 
cuits with little chance of operating 
overload, such as lighting circuits, 


‘where the fuse guards against 


grounds and shorts. When used on 
motor circuits for branch-circuit 
protection, they must take full ad- 
vantage of the code permission to 
use fuses rated up to three or four 
time motor running current. And 
when used in switches in other than 
motor circuits for continuous opera- 
tion, they must be derated because 
of the relatively high heat they de- 
velop, which will derate the fuse 
and may damage the _ switches. 
Standard practice with fused safety 
switches limits the load to 80% of 
the fuse current rating. 

The standard short-circuit inter- 
rupting rating of these fuses is 
10,000 amps. This limits the use of 
such fuses to circuits where the 
available short-circuit current does 
not exceed that value. 

B. Renewable fuse is one which 
may be readily restored for service 
after operation by replacement of 
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Comparison of Types of Fuses by Operating Characteristics 
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Dual element fuse 


One-time | 
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the renewal element, the current- 
responsive single element which 
provides the protection. These fuses 
are electrically similar to the one- 
time fuses and are available in the 
same current and voltage ranges. 
They are subject to the same maxi- 
mum time delays as the one-time 
fuses at 135% and 200% of rated 
current, but through more detailed 
design of the fuse link and terminal 
assembly, renewable fuses are com- 
monly made with longer time delay 
than standard one-time fuses in the 
range up to and above 200% rated 
current. 

Renewable fuses, although they 
cost more at first than one-time 
fuses, offer the economies of re- 
peated renewal of the fusible link, 
which is much less expensive than 
replacing the entire fuse. This is 
in addition to the advantages of 
generally longer time delay, more 
durable construction of the assem- 
bly and flexibility of rating changes 
for electrical expansion or altera- 
tions by changing fuse links within 
a classification (such as a 100-amp 
link for a 70-amp link, in the 61- 
to 100-amp classification, provided 
that the change affords proper pro- 
tection for the application and that 
the cartridge label is marked with 
the new current rating). 

The longer time delay of many 
renewable fuses permits use of 
fuses for short-circuit protection 
rated less than the maximum per- 
missible ratings of NE Code Tables 
430-152 and 430-153. For example, 
the code says a fuse rated up to 
300% of motor current may be 
used for short-circuit protection of 
a branch circuit to a squirrel-cage 
motor with full-voltage starting. 
And using ordinary one-time fuses, 
such a large rating of fuse would 
generally have to be used to prevent 


Current in amperes 


blowing on starting current inrush. 
But a renewable fuse with proper 
time delay would only have to be 
rated, say, 225% of motor full load 
current to prevent blowing on 
starting current. 

By making possible the use of a 
lower fuse rating, the renewable 
fuse might also permit the use of 
a smaller switch than would be 
necessary to accommodate the re- 
quired size of standard one-time 
fuses. For instance, a 3-phase, 15- 
hp, squirrel-cage, 220-volt motor 
draws 40 amps full-load running 
current. One-time fuses used with 
this motor would have to be three 
times 40 or 120 amps, calling for 
125-amp fuses in a 200-amp switch. 
But time-delay renewable fuses 
rated at 225% of motor current 
would only haye to be 2.25 times 
40 or 90 amps, calling for 90- or 
100-amp fuses in a 100-amp switch. 
The code permits such use in Sec- 
tion 430-56. 

Of course, there is no simple 
guide to the most efficient use of 
fuses for short-circuit protection of 
motor circuits. The NE Code offers 
some data on the maximum allow- 
able sizing of standard NEC fuses 
for use with various types of 
motors, with varying starting cur- 
rent demands. Each specific appli- 
cation, however, must take into ac- 
count: the type of motor—squirrel- 
cage, single-phase, wound-rotor, 
synchronous, dc; the design char- 
acteristics of the motor—high-, 
normal- or low-starting current; 
the torque requirements of the 
driven load; the thermal damage 
curve of the motor—time vs over- 
load up to stalled rotor; and the 
continuous-current rating and time- 
delay characteristics of the partic- 
ular type of fuses to be used. Effec- 
tive application is the result of 
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step-by-step analysis of all factors. 

2. Dual-element fuse is a fuse 
having current-responsive elements 
of two different fusing characteris- 
tics in series in a single cartridge. 
One of the elements provides ex- 
tended time-delay operation on 
overloads, and the other element 
functions to clear short-circuit cur- 
rents. 

These fuses have a much greater 
time delay than single-element time- 
delay fuses They are made to blow 
at 135% and 200% of rated current 
within the maximum limits de- 
scribed previously for one-time 
fuses. But the dual-element fuse 
has delay right up close to the 
maximum delay permittted, whereas 
the one-time and renewable fuses 
have time delays which are far 
from the maximum limits. For in- 
stance, a typical 30-amp, 250-volt 
dual-element fuse has a delay of 
111 seconds before it operates with 
200% of rated current flowing 
through it, while a typical 30-amp, 
250-volt time-delay renewable fuse 
has a delay of only 18 seconds with 
200% of current flowing through 
it. 

In addition to the maximum time 
delays set by standards for 135% 
and 200% of rated current, dual- 
element fuses are required to have 
a minimum time delay of ten sec- 
onds before operating when 500% 
of rated current flows through 
them. This applies to all dual-ele- 
ment fuses up to 600 amps and 
produces a marked difference be- 
tween dual-element fuses and time- 
delay one-time or renewable fuses. 
For instance, a typical dual-element 
fuse has a delay of 12.8 seconds at 
500% load, whereas the same size 
single-element fuse has a delay of 
only 0.7 seconds. 

The very long time delay of dual- 
element fuses enables them to 
handle much higher motor starting 
currents, without blowing, than 
even the time-lag single-element 
fuses. Thus they represent a fur- 
ther extension of the application 
possibilities for reduced-size fusing 
described for renewable fuses. In- 


stead of using fuses rated up to 


300% of motor full-load current 
rating to provide short-circuit pro- 
tection of the branch circuit with- 
out blowing of the fuse, the de- 
signer can select fuses with con- 
tinuous current rating of 100 to 
125% of motor current, for many 
installations. Again, in very many 
cases, this will permit use of smaller 
switches than would be required for 
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accommodating standard fuses. 
And when the rating does not ex- 
ceed 125% of motor current, the 
same fuses may simultaneously 
provide the required running over- 
load protection for motor and con- 
troller, in addition to short-circuit 
protection. 

Although these fuses are partic- 
ularly applicable to motor branch 
circuits and feeders, they are also 
ideally suited to all types of circuits 
for power loads, mixed lighting and 
power loads and for lighting loads 
alone. 

Dual-element fuses are available 


with high interrupting capabilities,- 


up to 100,000 amps with some typ- 
ical fuses. And dual-element fuses 
offer much cooler operation—inher- 
ently low-resistance construction 
for lower IR losses in the fuse as- 
sembly, providing better loading 
for more efficient use of the fuses 
in switch and panelboard enclo- 
sures, with cooler operation to pre- 
vent heat damage to switches or 


‘other equipment and to minimize 


nuisance blowing of fuses due to 
accumulated heat. 

3. Current-limiting fuse is a 
fuse which safely interrupts all 
available current within its inter- 
rupting rating and, within its cur- 
rent-limiting range, limits the 
clearing time at rated voltage to an 
interval equal to or less than the 
first major or symmetrical current 
loop duration and also limits peak 
let-through current to a value less 
than the peak current that would 
be possible with the fuse replaced 
by a solid conductor of the same 
impedance. A clear understanding 
of the nature of operation of cur- 
rent-limiting fuses is based on the 
following considerations: 

A. Every fuse is designed to in- 


terrupt the current flowing through 


it when the value of current ex- 
ceeds the continuous rating of the 
fuse. For light overloads, the fuse 
will have some time-delay depend- 
ing upon its design. On heavy over- 
loads, the fuse will open faster than 
on light overloads. And on short 
circuits, the fuse will open even 
faster. The higher the current, the 
faster the fuse opens. This is due 
to the fact that the fuse is respond- 
ing to heat energy which is equal 
to I°R times the time that current 
flows. As the current increases, ’R 
value increases quickly and the time 
required to produce the energy to 
melt the link decreases. 

B. If a value of 60-cycle short- 
circuit current within the inter- 


rupting rating of the fuse causes | 
the fuse to open in less than1/120th |) 
of a second, the current wave has | 
not gone through one complete half- | 


cycle loop. As a result, the fault 
current has not reached the rms 
value which it would reach if just 
one-half cycle were completed. 

It is important to note that the 
rms value of any alternating cur- 
rent is equivalent to the de current 
which would produce the same heat- 
ing effect. Therefore, starting from 


zero, an ac wave reaches its rms ¥ 


when the first half cycle is com- 
plete. Each succeeding half cycle 


does not increase the rms value but 


simply represents the same rms 
value. Any fuse then that opens 
before a half cycle of current flows 
has actually reduced or limited the 
current. But the definition given 
above states that a current-limiting 
fuse must also limit the peak value 


of the current it passes before | 


opening to a value less than the 
peak value normally obtained in the 
current wave which would flow if 
there were not a fuse to open the 
current. 

The two requirements for cur- 
rent limitation are based on total 
clearing time in the operation of 
the fuse. Clearing time is the total 
time measured from the beginning 
of the specified overcurrent condi- 
tion until the interruption of the 
circuit, at rated voltage. Clearing 
time is the sum of two components: 
melting time and arcing time. Melt- 
ing time is the time required for 
the current to melt the heat-sensi- 
tive element. Arcing time is the 


time elapsing from the melting of | 
the element to the final interrup- 


tion of the circuit. 

Under conditions of current lim- 
itation, total clearing time produces 
a triangular wave. As the short- 
circuit current wave starts from 
zero to increase to its peak value, 
melting occurs before the wave can 
reach the peak. The current then 
decreases as arcing takes place and 
is snuffed out in the fuse tube. From 
start of the short to the condition 
of open fuse, the time is less than 
1/120th of a second. And the time 
from start of the short to the end 
of the melting time when the cur- 
rent starts to decrease is less than 
+ of a cycle, so that the peak of the 
short-circuit current wave was 
never reached. 

C. Any fuse which can produce 
the above action within its operat- 
ing range is actually a current- 
limiting fuse. As a result, standard 
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one-time, renewable and dual-ele- 
ment fuses, which can produce such 
current-limitation, may be consid- 
ered to be current-limiting fuses. 
But modern practice and usage of 
the term has reserved the term 
“current-limiting” for fuses spe- 
cially designed to have a very high 
order of current limitation as de- 
seribed and high interrupting capa- 
bilities. Such fuses are made in 
sizes up to 6000 amps, rated at 600 
volts but suitable for use at lower 
voltages. Basic NEMA Standards 
data on such fuses are as follows: 

Class J Fuses—current-limiting 
fuses with interrupting rating of 
200,000 rms amps, 60 cycles, in 
classifications of 0-30, 31-60, 61-100, 
101-200, 201-400 and 401-600 amps, 
with maximum opening times at 
135% of rating and 200% of rating 
as described previously under “‘One- 
Time Fuses.” But specific charac- 
teristics on current limiting must 
satisfy this table— 


Threshold Ratio and Peak Let- 
Through 

At 100,000 Amps Symmetrical rms 
Available Current 

600 Volts, 60 Cycles and Less Than 
15% PF 


Maximum 

Peak 

Cartridge Maximum  Let-thru 

Size, Threshold Current, 

Amperes Ratio Amperes 
0-30 30 8000 
31-60 30 10000 
61-100 gle) 14000 
101-200 30 20000 
201-400 30 30000 
401-600 30 45000 


The table shows that Class J 
fuses become current-limiting at 
currents which are not more than 
380 times the particular continuous 
current rating of the fuse. Thresh- 
old ratio is defined as, “. . . the 
threshold current divided by the 
fuse current rating.” The “thresh- 
old current” is the symmetrical rms 
available current at the threshold 
of the current-limiting range, 
where melting of the current-re- 
sponsive element has occurred at 
approximately 90 degrees on the 
symmetrical current wave and total 
clearing time is less than one-half 
cycle at rated voltage, rated fre- 
quency, and with a circuit power 
factor of less than 15%. Peak let- 
through current is the maximum 
instantaneous current through the 
fuse during the total clearing time. 
Current limitation is illustrated on 
the following pages. 


1201-1600, 


Non-Interchangeability for 
Current-Limiting Fuses 


Notches permit instal- 
lation in fuse clips 
with bolt through 
each—for fuses from 
61-600 amps 


Close-up of one 
fuse clip for 
current -limiting 
fuse with notch- 
ed blade. 


Bolt passes 


through the 

clip, excluding = 
use of any fuse y i 
blade without notch. 
Standard blade would hit 


the bolt and could not be 
inserted properly. 


Fuse body 


Ferrules are designed 
for either standard NEC 
clips or for special 
rejection clips which 
take only the current- 
limiting type fuse. 


Class J fuses (current-limiting fuses rated 
up to 600 amps) are available with special 
ferrules (0 to 60 amps) or special blades 
(61 to 600 amps) to permit their ready in- 
sertion in special rejection fuseholders 
which will not accept standard NEC fuses 
(Class H—not current-limiting). But such 
Class J ferrules or blades can be inserted 
in standard NEC fuseholders. When equip- 
ment is used in conjunction with current- 
limiting fuses, with busbars or other parts 
braced and strengthened in accordance 
with fuse let-through short-circuit current, 
the use of these special rejection clips 
prevents the replacement of the current- 
limiting fuses with non-current-limiting 


«fuses which might not limit the let-through 


current and, therefore, would not con- 
stitute adequate protection for the equip- 
ment to be protected. This potential haz- 
ard has been recognized by the NEC in 
Section 240-23 (b)—’Fuseholders for cur- 
rent-limiting fuses shall not permit inser- 
tion of fuses which are not current 
limiting.” 


Another factor for which max- 
imum limits are set is the “clearing 
I’t,” which is a measure of the let- 
through energy, in terms of current 
and time, of the fuse during the 
total clearing time. 

Class L Fuses—current-limiting 
fuses with interrupting rating of 
200,000 rms amps, 60 cycles, in 
classifications of 601-800, 801-1200, 
1601-2000, 2001-3000, 
3001-4000, 4001-6000, with max- 
imum opening time of 240 minutes 
at 150% of rating. Other time-cur- 
rent characteristics are generally 
similar to those of Class J. 

4. High-capacity fuses are one- 
time fuses in the range from 601- 
6000 amps, 600 volts, with inter- 
rupting rating of 200,000 amps and 
maximum opening time of 240 min- 
utes at 150% of rating. They are 


not specifically designed to meet 
standard requirements for current- 
limitation, but they do possess some 
current-limiting ability in certain 
sizes under certain conditions. 

5. Dual-element, current -limit- 
ing fuses combine the characteris- 
tics of long time delay of the dual- 
element fuse in the overload range 
up to and even above 500% of rat- 
ing and the characteristics of Class 
J current-limiting fuse in the short- 
circuit operation. Such fuses are 
available up to 600 amps, 600 volts, 
with interrupting ratings up to 
200,000 rms symmetrical amps. 

These fuses offer the application 
advantages of the two types of 
fuses. They are particularly effec- 
tive where their time delay suits 
motor requirements and their speed 
of operation provides for selective 
coordination with other line-side 
short-circuit device. Their current 
limitation also provides for bussing 
motor control centers and panel- 
boards for withstanding lower 
short-circuit stresses due to reduc- 
tion of let-through energy. 


Plug Fuses 


Plug fuses dre screw-in type 
fuses. They have a screw-in base 
for ready insertion in and removal 
from suitable plug fuse holders. 
They are made in various current 
ratings up to 30 amps and are 
available in two types: with stand- 
ard one-time, single-element fusing 
member; or with time-delay, dual- 
element construction. The time de- 
lay type has the same application 
advantages as described previously 
for cartridge type dual-element 
fuses. The single-element plug fuse 
is suitable for use where motor 
starting currents or other inrush 
current surges are not a problem. 
Both types are commonly used in 
panelboards, with or without snap 
switch control in conjunction with 
each plug-fuse circuit. 

Plug fuses must not be used in 
circuits of more than 125 volts be- 
tween conductors, but they may be 
used in grounded neutral systems 
where the voltage is not over 150 
volts between any ungrounded con- 
ductor and ground. 

Tamper-resisting, non-inter- 
changeable plug fuses, known as 
Type S fuses, are designed for use 
in a Type S holder or in a standard 
holder with an adapter to prevent 
replacing of fuses in the range from 
0 to 15 amps with fuses rated from 
16 to 30 amps. 
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A—Basic Conditions 


CG .. 000 


of asymmetrical 


Current wave— current wave 


Asymmetrical 
current wave 


of Short-Circuit Occurrence 


Symmetrical 
current wave 


Voltage wave<__ 


Normal load current flowing in cir- 
cuit with resistive load and negligi- 
ble reactance in circuit conductors, 
current in-phase with voltage. 


Volfage wave~ 


Short-circuit current flows with maximum 
asymmetry when circuit is essentially inductive 


reactance and negligible resistance. At point 
“A,” the short-circuit flow through the induc- 


J 


Symmetrical short-circuit current flows when 
dc offset has decayed to zero. Value of cur- 
rent depends upon total impedance of short 
circuit. 


tive load immediately must lag the voltage 
wave by 90°. The instantaneous change in 
phase relation between voltage and current due 
to change from a resistive to an inductive cir- 
cuit load, produces an offset in the ac wave 
which acts like a de voltage transient added 
to the ac. The dc cornponent decays to zero in 
a few cycles. Decay of de and relation of cur- 
rent wave to volfage wave depend upon ratio 
of resistance to reactance of the circuit. 


Normal load current 


Selection Factors 


Selection of a fuse for any cir- 
cuit protection task involves the 
following considerations: 

1. Current rating of the fuse 
must be correct for the electrical 
conditions of the circuit which it is 
to protect. Normally, the fuse must 
be rated to automatically open the 
circuit if the current flowing 
reaches a value which will cause an 
excessive or dangerous temperature 
in the conductor or conductor insu- 
lation or in other equipment being 
protected. Specifically, fuses must 
be rated to protect conductors in 
accordance with their safe allow- 
able current-carrying capacities. Of 
course, where standard ampere rat- 
ings do not correspond with con- 
ductor carrying capacities, the next 
larger standard size of fuse may 
be used, e.g., a 3/0 type R wire, 
rated at 165 amps, may be protected 
by a standard 175-amp fuse. 

But the NE Code and modern 
engineering practice recognize cer- 
tain cases where circuits may be 
protected by fuses rated in excess 
of the allowable current-carrying 
capacities. Such is the case of 
short-circuit overcurrent protection 
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24 
Completely symmetrical short-circuit current 
flows when short occurs at the peak of the 
volfage wave and circuit is inductive with 
negligible resistance. At point ‘B,’’ current 
must lag voltage wave by 90°. 


Symmetrical 
current wave 


NOTE: Short circuit faults can 
start at either of the two 
extremes shown here. But 
chances are greater that nat- 
ural faults will occur at other 
points on the voltage wave, 
producing some intermediate 
degree of asymmetry. And 
practical circuits have varying 
ratios of resistance to react- 
ance, modifying the current 
wave. 


C—Action of Current-Limiting Fuses 


Peak 

current 
SOR 4h 

available 


FULLY 
ASYM- 
METRICAL 
Peak 
let-through CURRENT 
current 


e) 

a H 

Melting Arcing 

time time | 

Total clearing time of fuse 
— 


1/2 { 
Time jin cycles 
{—__4 
.00833 0167 
Time in seconds| 
Peak | 
current | 2 
available | COMPLETELY 
gh | SYMMETRICAL 
pgeips as | CURRENT 
let-through | I 
current 0 
Total 
clearing 
time 
of fuse 
Short circuit 


starts at 
this time 


For a given short-circuit, a current-limiting 
fuse may be called upon to interrupt either 
of the two extreme conditions shown here 
or some intermediate condition. For the 
fully asymmetrical case, the fuse would 
limit both RMS value and peak available 
current if the melting time of the fuse 
were anything less than one-half cycle. |. 
But, within its current-limiting range, a — 
true current-limiting fuse must limit total 
clearing time to an interval not greater 
than the first symmetrical current loop 
and must limit the peak let-through cur- 
rent to a value less than the peak avail- 
able current. Thus it is the action of a 
fuse in clearing a symmetrical short- 
circuit that determines its current-limiting 
ability, as shown in the lower sketch at 
left. From the sketch at upper left, it can 
be seen that a fuse which had a melting 
time almost up to the peak of the asym- 
metrical first half cycle, would limit cur- 
rent let-through on an asymmetrical fault, 
but would not limit let-through if the short 
happened to occur as a completely sym- 
metrical wave. 


The RMS value of the triangular wave 
shape of let-through current through the 
fuse is— 

I 


he 37 where, 


luz = RMS Let-Through amps 
|, = Peak Let-Through amps 
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B—Nature of Asymmetrical Current for 
Evaluating Fuse Performance 


A fully asymmetrical short-circuit current has the highest possible instantaneous 
current obtainable for a given set of circuit conditions and voltage. A completely 
symmetrical current has the minimum peak on short-circuit. And a short-circuit 
of intermediate asymmetry will have an intermediate value of peak current. 
Because the fully asymmetrical condition constitutes the most severe interrupting 
problem, it is used in evaluating the ability of a short-circuit protective device. 


On a fully asymmetrical short; maximum instantaneous current—the peak asym- 
metrical current—occurs at the end of the first half cycle of the current wave. 
Due to decay of the dc component, subsequent peaks are lower in value. Various 
values for this half-cycle asymmetrical current have been determined from study 
of actual circuits to be as follows: 


RMS Value of First Asymmetrical _ 1.4 % KMS Symmetrical 
Half Cycle of the Current Wave —_ Short-Circuit Current 


Half-Cycle Peak Current = 1.7 X RMS Asymmetrical Current 
Half-Cycle Peak Current = 2.4 < RMS Symmetrical Current 
NOTE: The foregoing current values and relationships are essential to understand- 


ing and evaluating the various graphs of fuse performance made available by 
fuse manufacturers to facilitate effective and economical selection of fuses. 


D—Typical Current-Limiting Performance 


400,000 B 


300,000 
200,000 


peres 


lable) 


400,000 
70,000 


In am 


50,000 
400 
30,000 Amp 
20,000 200 | ratings 
100 By 
uses 


10,000 
7000 
5000 


3000 
2000 
A 


Instantaneous peak let-thru current 
(Line AB plots peak currents avo 


1000 
fe) SiRO-n OC. OLO @) -OLsolae (ey is) 
ro) oO) 1oo ono JOrvore oo 
S oo) On ORO: Oe TSN ONS SRS) omne! 
= REO DE ACTS ey [o) lononres oy eh 
= nm ORO (SiS) 
= N eo 


Available short-circuit current— asymmetrical rms amp 
(1.4 X symmetrical in first half cycle) 
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The line AB in the above graph indicates the maximum or peak instantaneous 
current corresponding to the first half cycle of asymmetrical short-circuit cur- 
rent. For any given value of available asymmetrical short-circuit current, the 
line AB plots the peak available current in the first half cycle (equal to 1.7 x 
asymmetrical rms amps or 2.4 & symmetrical rms amps of short circuit). This is 
the peak current which will flow if the fuse does not open before the current peak 
is reached. Where the curve for each size of fuse departs from line AB, the fuse 
is operating to limit let-through current for all values of available current above 
that value. For instance, a 20,000-amp asymmetrical short can produce a peak 
of 1.7 < 20,000 or 34,000 amps. But a 200-amp current-limiting fuse in such a 
circuit will open the circuit so fast that only about 11,000-amp peak is obtained. 


for motors, in which cases the 
fuses may be rated up to four times 
the motor full-load current, which 
makes them much larger than the 
current rating of the branch-cir- 
cuit conductors. This same ‘“over- 
fusing” is also used for motor feed- 
ers, and is permitted in both cases 
to allow the high starting currents 
of motors to flow without operating 
the fuses, which might readily hap- 
pen if the fuses were rated for the 
current capacity of the conductors. 
In the case of a motor, it is felt 
that running overload protection 
will invariably take care of operat- 
ing overcurrents, and the fuse will 
only be concerned with short-cir- 
cuit or ground faults which are 
greater than four times motor cur- 
rent. 

2. Voltage rating of the fuse 
must be at least as great as that of 
the circuit in which the fuse is be- 
ing used. Fuses with 250-volt rat- 
ings must not be used in circuits of 
higher voltage ratings, although 
600-volt rated fuses may be used 
with circuits rated at any value up 
to 600 volts. 

3. Whenever fuses are used, they 
must be properly rated and suitable 
for safe operation at the level of 
fault current obtainable at the point 
of their application. Every fuse and 
circuit breaker for short-circuit 
protection must be applied in such 
a way that the fault current pro- 
duced by a bolted short circuit on 
its load terminals will not damage 
or destroy the device. Specifically 
this requires that a short-circuit 
overcurrent device have a proven 
interrupting capacity at least equal 
to the current which the electrical 
system can deliver into a short on 
its load terminals. Application of 
short-circuit overcurrent devices 
without careful determination of 
their suitability on the basis of IC 
can present serious hazard to life 
and property. Thermal and mag- 
netic forces released in short-cir- 
cuit interruption can cause explo- 
sion—with flying pieces and propa- 
gation of flame—if the device is not 
designed, constructed and rated for 
the current it interrupts. 

Where interrupting duty on a 
protective device is in the range 
from 100,000 to 200,000 rms sym- 
metrical amps (or higher), fuses 
will almost always be required. In 
some cases, they will be the only 
suitable devices for the job. In 
other cases, their economy will far 
outweigh any advantages of an al- 
ternative CB. And the use of cur- 
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rent-limiting fuses reduces the re- 
quired short-circuit rating of load 
side equipment—switchboards and 
motor control centers can be braced 
for lower current levels. 

4, Safe application of fuses does 
not stop with adequate interrupting 
for its own use at the point of in- 
stallation in the system. The speed 
of operation of the fuse must al- 
ways be studied in conjunction with 
the maximum fault current which 
could flow. This will reveal the “let- 
through” energy—the thermal and 
magnetic energy produced by the 
fault current from the time it starts 
until the fuse opens the circuit. And 
it should be remembered that if the 
short-circuit fault current happened 
to be, say, 40 times normal circuit 
current, the fault forces, which are 
proportional to the square of the 
current, would be in the order of 
1600 times normal. A device may 
be able to break a given short-cir- 
cuit without damaging itself in the 
operation; but in the time it takes 
to open the faulted circuit, enough 
energy may get through to damage 
or destroy other equipment in 
series with the fault. This other 
equipment might be cable or bus- 
way or a switch or motor controller 
which simply cannot withstand the 
few cycles of short-circuit current 
which flows in the period of time 


Selection of a circuit breaker 
for any application must consider 
the following: 

1. Current Rating—The contin- 
uous current rating of a circuit 
breaker is, when applied in a spe- 
cific circuit, generally considered 
to be one and the same as its trip 
rating. Selection of a specific cur- 
rent rating for any application 
must consider both the switching 
function and the overcurrent pro- 
tective function. 

Usually a breaker is selected to 
have a trip rating which will pro- 
tect circuit conductors in accord- 
ance with their safe allowable cur- 
rent-carrying capacity, i.e., the CB 
will open if the current reaches 
a value which will produce a dan- 
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between initiation of the fault and ~ 


interruption of the current flow. 
Therefore, the faster the fuse op- 
erates to clear a faulted circuit, the 
lower will be the thermal and mag- 
netic forces acting on the circuit 
conductors and equipment. 

5. Time vs current characteris- 
tics of the fuse should be suited to 
the requirements of the circuit. 
Time-delay fuse operation should 
be used to obtain freedom from 
nuisance blowing on motor inrush 
currents and other harmless current 
transients or momentary operating 
overloads. But fast-operating fuses 
should be used where there-is no 
need for time delay—such as large 
size feeders and services where in- 
dividual motor inrush currents or 
momentary overloads are masked by 
the nearly constant maximum cur- 
rent demand—or where fast opera- 
tion in, say, a feeder will provide 
selective coordination with the main 
or service protection, opening the 
feeder only and not the main on a 
feeder fault. 

Selective coordination requires 
careful study where fuses are used 
in the main, feeder, subfeeder and 
branch circuit levels of a system. 
Fuses of the same type—same op- 
erating characteristic—can provide 
coordination on the basis of size: 
on a given short-circuit current, the 


E 
ga CIRCUIT BREAKERS 


, gerous temperature in the conduc- 


tor or its insulation. 

There are some exceptions to 
that rule. For instance, a CB pro- 
tecting a motor branch circuit or 
feeder or a motor-and-lighting 
feeder may have its trip setting in 
excess of the conductor current 
rating to allow motor starting cur- 
rent to flow without tripping-out 
the breaker (NEC Tables 430-152 
and 430-153). In such cases, time- 
delay overload protective devices, 
usually incorporated in the motor 
controller, will protect the conduc- 
tors as well as the motor and the 
controller against operating over- 
loads up to and including stalled- 
rotor condition of the motor. Over- 
rated protection is also permitted 


iq 


| 


fuse with the lowest continuous } 
current rating will open before any | | 
other similar type fuse of higher | | 


rating in the fault circuit. 


6. The range of operating char- | 
acteristics of a fuse must be care- } 


fully matched to the characteristics | 


overload-short-circuit device. 


Common application of dual pro- | 
tection uses combination units of | 
molded-case circuit breakers with } 
Such devices are j 
used where the short-circuit duty | 
exceeds that of the molded-case CB } 
The fuses have very high 1 
IC to meet the duty and have time- | 
current characteristics to operate | 
before the CB, in the range above : 
the CBs IC. The CB provides over- | 
current protection for operating |) 
overloads and ground fault and | 


load side fuses. 


alone. 


short-circuit currents up to its IC, 


with the fuses opening the circuit | 
only on overcurrent which exceeds | 
the IC of the breaker. In this way, 4 
full-load switching is obtained with | 
the protection against single-phas- | 
ing and easy reset on low-level over- | 
loads which are characteristic of | 
CBs, while complete protection is | 
obtained from the fuses. And sub- | 


stantial saving is made over the 
alternative use of larger breakers 
with full IC rating. 


for control circuits (Sec. 240-5). 
Another example of high-rating 
protection is that permitted for 
transformers. The NE Code recog- 
nizes the use of protective devices 
rated up to 250% of the full-load 
current of a transformer, to allow 
short-time overload operation 
which is within the design capa- 
bility of the transformer (NEC 
Sec. 450-3). 

Where standard ampere ratings 
and settings of circuit breakers 
do not correspond with the allow- 
able current-carrying capacities of 
conductors, the next higher stand- 
ard rating or setting may be used. 

A circuit breaker provides effec- 
tive control switching and per- 
forms easily as a load-break switch 
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of a circuit breaker when the two } 
are to function as a combination | 


| 


1 


Basic Thermal-Magnetic CB 


Magnetic 74, | 
pistes element lement 
7 
Line ae eV Load 
A T Mechoni 
-—<—L-———-I Mechanical 
linkage 


One-pole diagram shows magnetic and 
thermal elements in series with breaker 
contacts and with circuit conductor. Up 
fo its continuous current rating, the CB 
will carry current and neither the mag- 
netic nor the thermal element will pro- 
duce enough energy to trip the CB. But 


in the range from the CB current rating up 


to about 10 times the current rating, the 
thermal element will develop enough heat 
to deflect a bimetal strip and trip the 
breaker open. Time delay provided by the 
thermal trip assembly is inversely propor- 
tional to the value of current in this range. 
NEMA Standards set a maximum tripping 
time of 60 minutes at 125% of current 
rating and 2 minutes at 200% of current 
rating. Above 10 times current «rat- 
ing, the magnetic element generates 
enough force to trip the breaker instan- 
taneously, operating before the thermal 
element. The thermal element is often 
called the “overload trip’’ and the mag- 
netic element is called the ‘short-circuit 
trip.” The sketch above shows a single- 
pole CB. For a multi-pole CB, each pole 
is arranged as above, but the poles are 
equipped for common trip so all poles 
open on overcurrent in any one pole. 


for lighting and power circuits. 
It may be used as a motor control- 
ler if it has an ampere rating at 
least equal to the full-load running 
current of the motor. And it is 
permitted by the NE Code and 
good practice to be used as a mo- 
tor circuit disconnecting means 
if it has a carrying capacity of at 
least 115% of the nameplate run- 
ning current of the motor. 

As used for overcurrent protec- 
tion, a circuit breaker provides 
two types of protection: 1. Pro- 
tection against operating over- 
loads—too many lamps, or appli- 
ances, or motors connected to the 
circuit, so that the current drawn 
by the total connected load is in 
excess of the safe value for the 
circuit to carry; and 2. Protection 


against faults, failures to ground — 


and short circuits, up to the in- 
terrupting rating of the breaker— 
that value of short-circuit current 
which the device is capable of 
opening safely without damaging 
‘or destroying itself in the process 
of interruption. In selecting a cir- 
cuit breaker, its characteristics 
must be evaluated for both of 
these areas of overcurrent protec- 
tion and correlated to the nature 
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of the load on the circuit and the 
level of short-circuit current. 

A circuit breaker with time- 
delay in its operation on overloads 
can be used to perform the func- 
tions of short-circuit protection 
and running overload protection 
for motor branch circuits. In such 
a case, the rating or setting of the 
CB must not be more than 125% 
of the motor nameplate current 
rating for 40°C rise motors and 
not more than 115% for other 
types of motors. This applies to all 
continuous-duty motors rated over 
one horsepower and to any motor 
one horsepower or less which is 
permanently installed, or is auto- 
matically started (by pressure 
switch, thermostat, time switch, 
float switch, etc.), or is out of 
sight from the location of its con- 
troller. Of course, to make such 
application, the CB must have suf- 
ficient time delay to pass motor 
starting current, taking into con- 


Nae 


Oo 


sideration the characteristics of 
the motor and the nature and 
torque requirements of the load. A 
single circuit breaker may, under 
the proper conditions, provide 
short-circuit protection, running 
overload protection, motor con- 
troller and disconnect means in a 
branch circuit to a motor. 

2. Interrupting Rating — Care 
must be taken in the selection of 
any circuit breaker to make sure 
that its short-circuit interrupting 
ability is satisfactory for the level 
of fault current which the electri- 
cal supply system is capable of de- 
livering at the point of applica- 
tion of the breaker. A CB rated to 
interrupt 10,000 amps must not be 
used where, say, 15,000 amps could 
flow through a short circuit. The 
factors involved in such considera- 
tion are the same as those outlined 
in the previous discussion of fuses. 

3. Voltage Rating—Selection of 
any CB must assure that the device 


Ambient Temperature and Thermal Trips 


, Position of bimetal strip 
holds contacts closed 


Fixed point 


Load 
Line 
~Flexible current 

Fi / 

Contacts’ jumper wire 

together 

Pivot 
“Excessive current flow bends 
© bimetal strip, tripping CB open 
—but, high ambient temperature 
con partially bend bimetal 
yy ses changing CB calibration 

Contacts parted 

by spring 

NOT TEMPERATURE-CORRECTED 
Tripping latch Main bimetal tends to deflect upward 
responds only when ambient temperature exceeds 
to current flow, temperafure at which CB was calibrated 
is not moved 
by ambient heat— 
Fixed point 


—Temperoture-correcting bimetal 
responds to ambient temperature, 
but not to current heot, tends to 
deflect down ond balances ambient 
deflecting force on main bimetal 


TEMPERATURE-CORRECTED 


Temperature correction of thermal trip elements in circuit breakers insures 
a constant tripping characteristic, independent of ambient temperature con- 
ditions. This eliminates need for derating the CB and avoids nuisance tripping 
due to heat. Without temperature compensation, CB may have to be derated 
for ambient room temperature, for heat produced by enclosure and grouping 


of CBs and for duty cycle of load. 
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Typical Tripping Curve of Small CBs 
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The curve shows the tripping character- 
istic for a typical line of thermal-magnetic 
molded-case circuit breakers up to 70 
amps. The curve shows the time in which 
a breaker will trip under a given condition 
of overload, expressed here as a percent- 
age of the nameplate current rating of the 
breaker. The width of the curve repre- 
sents the tolerance band to which the 
breakers are manufactured and within 
which all of the breakers will-perform. 
The band can be taken to be a large num- 
ber of line curves laid one against another. 
Operation from rated current (100%) up 
to about 10 times rated current (1000%) 
is provided by the thermal tripping device 
in the CB. Operation at 10 times rating 
and above is provided by the instantaneous 
action of the magnetic trip device. 


Note that a load of 3 times rated current 
will trip the CB in no more than 10 sec- 
onds and no less than about 4 seconds. 
But at 10 times rated current, tripping 
time will be between about 0.1 seconds 
(6 cycles) and 0.008 second (less than 
cycle). 


Operation of Full-Magnetic Molded-Case Circuit Breaker 


Electro-magnetic coil 
(Normal current ) 


Load 


A) 


© 


Electro-magnetic coil 
(Tripping current ) 


Contacts 
open 


Flexible 
conductor 


A fully magnetic molded-case circuit breaker employs magnetic means 
for both time-delay overload tripping and instantaneous short-circuit tripping. 
As shown in A above, normal current within the ampere rating of the breaker, 
flows through an electromagnetic coil connected in series with the contacts 
and the circuit conductor being protected. Within the magnetic coil, a her- 
metically sealed tube contains a sliding iron core immersed in a fluid and 
held by a spring at the end of the tube opposite the armature. Up to and 
including rated current of the CB, the core does not move in the tubé and the 
armature is not attracted by the magnetic coil. But in the overload range up 
to 10 times rated current, the magnetic field of the coil draws the iron core 
into coil, overcoming the restraining spring and increasing the magnetic at- 
traction on the armature until the armature moves against the coil (B above) 
and the CB trips open. The fluid in the tube delays movement of the core, 
thereby providing time delay inversely proportional to current flow. On short- 
circuit faults—10 times current rating or more—the magnetic field of the 
coil is sufficient to move the armature instantaneously, without movement of 
the core, quickly opening the circuit. Because this fully magnetic operation 
does not depend upon heat for its operation, its application can be made 
without regard for ambient temperature or derating. Such a CB can be 
loaded right up to its current rating under any conditions of temperature. 
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is rated for use at the level of cir-| 
cuit voltage. 

4. Number of Poles—The num-) 
ber of poles required in a circuit} 
breaker can be determined from) 
the circuit and load conditions. | 
As a protective device, the CB} 
must have a current-responsive | 
trip unit in each ungrounded con-} 
ductor of the circuit. The code] 
further states that an overcurrent } 
device must not be placed in any j 
permanently grounded conductor | 
except: 1. Where the device si-| 
multaneously opens all conductors } 
of the circuit, or 2. Where the de- | 
vice is used for motor running | 
overload protection in the} 
grounded leg of a 3-phase delta } 
supply when three running over- | 
load units are required (Sec. 430- | 
37, Note to Table). Then the ques- | 
tion arises about use of single-pole | 
CBs vs multi-pole CBs. The basic | 
NEC rule requires a 3-pole CB for } 
use with a 3-phase motor, but al- | 
lows 1-pole CBs in 1-phase circuits. — 


NE Code 


In addition to the variety of code — 
rules mentioned above, there are 
other code regulations which have | 
a bearing on selection of circuit | 
breakers, as follows: 

SERVICE DISCONNECT and 
overcurrent protection may be pro- | 
vided by circuit breakers. A manu- | 
ally operable circuit breaker | 
equipped with a handle or other — 
suitable operating means, may be — 
used as a service disconnect if it — 
is of a type approved for service , 
equipment and for prevailing con- ’ 
ditions. In addition to being manu- 
ally operable, it may also be 
equipped for remote electrical op- 
eration. Where a single main dis- 
connect is required, a single multi- 
pole CB can be used. If the 
six-subdivision allowance of the 
code [Sec. 230-70 (g)] is permit- 
ted, the disconnect may consist of 
up to six CBs. This may be six sin- 
gle-pole breakers or six multi-pole 
breakers. And two or three single- 
pole breakers connected on differ- 
ent ungrounded phase conductors 
of multi-wire circuits may be con- 
sidered to be a single multi-pole 
breaker if they are equipped with 
handle ties or handles within +s-in. 
proximity. 

METHOD OF OPERATION 
must, in general, provide that a 
circuit breaker is capable of being 
closed and opened by hand with- 
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Special-Purpose CBs for Panelboards 


_ Panel 
busbars 


' > pump 
Rice BEER | island 
be ot STI 4 } 


“No connection 


to busbor 
Wire lead —~ 
provided Apes 
_~ from line Be 


side of CB 


3-9, 4-wire 
delta service 


single-phase 
panel 


Two line 
terminals 

are stabs 
underneath 


Third line terminal 
for delta high leg 
Special 
supply 
Normal 
service 


Load 
terminals 


Neutral 


rn Circ. to woter 
~ | heater or 
——~s isolated 
circuits 


SWITCHING NEUTRAL (Gos Stotion) CB for use in circuits fo gasoline 
station dispensing pumps, to. comply with NEC Sec. 514-5, requiring 
disconnect of all conductors including neutral. Either 2- or 3-pole units 
may be used for 2-wire or 3-wire circuits, rated 18, 20 or 30 amps 
Ungtounded pole has overload trip elements. Neutral pole is simply a 
switching mechanism, No electrical connection is made fo panei busbar 
by the plug-in grip on the neutral breaker unit. Wire lead connects 
line side of neutral breaker to neutral block in ponel, ot two clamp 


ferminials are used for neutral 


3-POLE CB WITH SPECIAL TERMINAL layouf provides for readily 
deriving a 3-phase circuit from a single-phase panel fed by a red-leg 
delta service. CB unit plugs into space of three single-pole breakers, 
with high leg of delta feeding directly through one pole of the common- 
trip assembly. Unit may protect motor branch circuit or feeder to 
3-phase panel, rated up to 100 amps. 


ISOLATED TERMINAL BREAKERS are used for connecting hot woter 
heaters to seporately-metered, off-peak power sources, One- and two 
pole units are rated up to 30 amps. CB unit plugs into panel with stab 
devices merely securing the unit in position. No electrical contact is 
made with panel busbars, Some units have clamp-type terminals for 
both line and load wires; others have wire leads provided as part of 
the assembly. This isolated terminal breaker is also used to supply 


Line terminals 


Load 
terminals 


yut employing any other source of 
ower, although normal operation 
nay be by other power such as 
lectrical, pneumatic and the like. 
uarge circuit breakers which are 
0 be closed and opened by elec- 
rical, pneumatic or other power 
hall be capable of being closed by 
and for maintenance purposes 
ind shall also be capable of being 
ripped by hand under load with- 
ut the use of power. 

CBs RATED 0 TO 30 AMPS 
nust be of the time delay type. 

NAMEPLATE RATING on cir- 
uit breakers must be marked to 
e visible after installation. Any 
ircuit breaker intended to inter- 
upt fault currents greater than 
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(or wire leads out} 


10,000 amps must have its inter- 
rupting rating shown on the label 
or on the product. 

NON - INTERCHANGEABLE 
circuit breakers must be used in 
lighting and appliance branch cir- 
cuits in residential and other oc- 
cupancies where the conditions of 
maintenance and supervision do 
not assure that the overcurrent 
protective devices and branch-cir- 
cuit wiring will be maintained at 
proper rating. Type NI (non-in- 
terchangeable) breakers and the 
bussing and mounting provisions 
in panelboards must prevent (or, 
make difficult) the replacing of a 
CB with one of higher ampere 
classification, based on three clas- 


emergency circuits from an alternate source of supply 


sifications—0-20, 21-50 and 51-100 
amps. 

To fill the range of circuit- 
breaker applications, there are two 
basic types of breakers according 
to general construction: the 
molded-case CB and the power CB. 
There is some overlap in the con- 
tinuous current ratings of these 
devices, but the power CB is a 
larger, heavier-duty device than 
the molded-case breaker, has gen- 
erally higher short-circuit inter- 
rupting ratings and is available 
with current ratings up to 6000 
amps, whereas the molded-case de- 
vices only go up to 1000 amps. Use 
of current-limiting fuses in molded- 
case CBs extends applications. 
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Selecting Type of Circuit-Breaker Trip Units 


Non-interchangeable, thermal and fixed magnetic trip elements are factory 
calibrated and sealed for one current rating. Magnetic instantaneous trip is 
set for about 10 times the thermal trip setting. Such CBs are available in the 
many types of small, lighting-panel breakers and in larger units where fixed 
circuit loading and other conditions do not require the more expensive inter- 
changeable trip models. Typical units are rated 10—400 amps. 


Adjustable 


re. , | 
MRM Sag a. Non-interchangeable, thermal and adjustable magnetic trip elements are cali- } 


brated and sealed as to the trip setting of the thermal trip, thereby establish- 
ing the current rating of the CB. The independent magnetic instantaneous trip 
can be field adjusted to operate anywhere from, in a typical case, 3 to 10 
times the thermal trip setting, which isthe current rating of the breaker. 
Adjusting of the magnetic trip varies the shape of the time-current tripping 


oes curve to meet load demands for more or less time delay on transient overloads 
for or to provide coordination of overcurrent devices. Typical units are rated 

setting 15 to 400 amps. 

mag. trip 


Interchangeable, thermal and adjustable magnetic trip elements are unit 
assemblies which can. be readily inserted or removed from breakers of one 
or more frame sizes (having the same dimensions). Each interchangeable trip 
unit contains a thermal trip device set to some value of current and a mag- 
netic trip element which can be adjusted as to the current value which will 
produce instantaneous operation. The thermal trip is calibrated and sealed 
at the factory. The magnetic trip is field adjustable to multiples of the thermal 
setting. Breakers of this type offer flexibility of increasing or decreasing the 
current rating of the breaker to meet changes in circuit or load conditions, 
plus the ability to alter the point of instantaneous trip. Typical units are 
rated from 70 amps up. 


Magnetic-only, instantaneous trips are uséd in breakers to give them only a 


Adjustable Nisaneral short-circuit interrupting ability, with no protection in the overload range 

magnetic trip / from the nominal amp-rating of the CB up to the current setting of the mag- 

J netic trip. Such CBs are made with either interchangeable or non-interchange- 

——— ai able magnetic-only trip units. The continuous current rating is taken as the 
fe pee i nominal amp-rating of the CB as required by the continuous load current. 


Molded-Case Breakers of NI breakers, which have provi- 
sions to discourage unauthorized 


oversizing of protection. The 


tact operation offer longer, more 
reliable life. And where required | 


A molded-case circuit breaker is by voltage or where IC exceeds - 


a circuit-breaker’ mechanism as- 
sembled as a complete switching 
and overcurrent protective device 
in a supporting and enclosing 
housing of insulating material. 
For modern circuit applications, 
such units are made in sizes from 
10 amps up to 1000 amps, with one, 
two or three poles, for circuits 
rated up to 600 volts. 

Molded-case CBs are divided 
into size groups on the basis of 
frame sizes. A given frame size 
embraces a range of ratings of 
CBs which have the same size 
molded case, the same rating of 
contacts and the same interrupt- 
ing rating. The continuous 
current rating of any CB is deter- 
mined by the rating of its trip ele- 
ment. The cases of a given frame 
size are, therefore, physically in- 
terchangeable, with the exception 
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frame size is designated by refer- 
ring to the largest ampere rating 
available in that group, e.g., 100- 


amp, 225-amp, 400-amp. 


Short-circuit interrupting ca- 
pacities of molded-case circuit 
breakers vary with frame size and 
with voltage rating. Molded-case 
CBs may have ICs up to 75,000 rms 
amperes by themselves and over 
200,000 rms amperes when cur- 
rent-limiting fuses are used in 
conjunction with the CB unit. 

Molded-case CBs may have ther- 
mal-magnetic or fully magnetic 
trip operation. Both types are 
shown in accompanying illustra- 
tions. 

Many types of small CB units 
are made in the range from 15 to 
100 amps. Where switch control 
is required at the panel CB, units 
with quick-make, quick-break con- 


5000 amps, E-frame CBs can be 
used up to 10,000 amps or F-frame 
CBs up to 20,000 amps. 
Some molded-case CBs—in the 
range of sizes up to 100 amps— 


have non-interchangeable trip 
mechanisms of fixed operating 
characteristics. Others—in the 


larger sizes—have adjustable 
short-circuit trip elements which 
may also be interchangeable. 


Power Breakers 


Low-voltage power circuit 
breakers, also called large air 
breakers, are heavy-duty switch- 
ing and protective devices with 
high interrupting capacities. Such 
CBs have rugged contact assem- 
blies, provisions for are suppres- 
sion, either manual or electrically 
powered operation. They are 
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Function of ‘““Magnetic-Only” CB 


No thermal 
Magnetic overload 
trips set trips used taeemd! 
for JOR CB and starter Starter overload 
breaker rating in same enclosure — Contacts relays 


Line 


CIRCUIT 
BREAKER 


or very close 
together 


cea 


conductors 


MOTOR 
CONTROLLER 


Molded-case circuit breakers with only magnetic instantaneous trip elements in them 
are available in almost all sizes. Use of such a device requires careful accounting for the 


absence of overload protection in the CB, up to the short-circuit trip setting. 


Such a 


CB is designed for use as shown above. The circuit conductors are sized for at least 
125% of motor current. The thermal overload relays in the starter protect the entire 
circuit and all equipment against operating overloads up to and including stalled rotor 
current. They are commonly set at 125% of motor current. In such a circuit, a CB with 
an adjustable magnetic trip element can be set to take over the interrupting task at 
currents above stalled rotor and up to the short-circuit duty of the supply system at that 
point of installation. The magnetic trip in a typical unit might be adjustable from 
three to ten times the breaker current rating, i.e., a 100-amp CB can be adjusted to 
trip anywhere between 300 and 1000 amps. Thus the CB serves as motor circuit dis- 


connect and short-circuit protection. 


Selection of such a CB is based on selecting a nominal CB size with a current rating at 
least equal to 125% of the motor full-load current, to carry the motor current and to 
qualify as a disconnect means under the NEC. Then the adjustable magnetic trip is 
set to provide the short-circuit protection, the value of current at which instantaneous 
circuit-opening takes place, which should be just above the starting current of the motor 
involved, using a multiplier of 1.5 on locked-rotor current for starting asymmetry. 


available either as individually 
mounted units—in wall or floor 
mounting enclosures—or in switch- 
boards or load-center substations. 
Typical characteristics of low-volt- 
age power breakers are as follows: 

1. Available in ratings from 15 
amps up to 4000 amps, continuous 
current, in ratings of 240, 480 and 
600 volts. 

2. Interrupting ratings vary 
with size and voltage rating from 
15,000 up to 150,000 rms amps 
asymmetrical (and beyond 200,000 
amps in combination with suitable 
current-limiting fuses). 

3. Fully magnetic tripping char- 
acteristics based on as many as 
three individual elements—long 
time delay, short time delay and 
instantaneous trip. These separate 
elements may be used singly or in 
any combination to accomplish 
time-current curve shaping» for 
any selective coordination scheme. 
Adjustments are provided for the 
long and short time-delay pickup 
settings. The instantaneous trip 
may be set at the factory or may 
be adjustable. 

Low-voltage power circuit 
breakers provide for circuit- 
breaker application above the 


_tions 


range of molded-case CBs (1000 
amps). They are suited to applica- 
where high frequency of 
switching operation demands a 
rugged unit to handle heavy cur- 
rent, even within the molded-case 
range. 


High-Voltage CBs 


High-voltage power circuit 
breakers provide load switching, 
short-circuit protection, electrical 
operation, adjustable time delays 
of trip characteristics for selec- 
tively coordinated protection 
schemes, quick reclosing after 
tripping and various relay protec- 
tive hookups such as differential 
relay protection of transformers. 
There are both oil type and oilless 
(or air-type) CBs, although the oil- 
less type is the common type for 
indoor applications in systems up 
to 15 kv and higher. Oil CBs are 
generally used for outdoor appli- 
cations above 15 kv. Power CBs 
are made available in completely 
packaged assemblies. 

Short-cireuit ratings of CBs 
should be based on asymmetry fac- 
tors correlated to speed of CB op- 
eration and circuit X/R ratios. 


Selecting A Magnetic-Only CB 


In motor circuits, a CB with only an in- 
stantaneous magnetic trip may permit the 
use of a smaller size breaker than would 
be possible if a CB with standard thermal 
time delay and magnetic trips were used. 
The following example shows a typical 
case of such application economy: 


Given: A 30-hp, 220-volt, 3-phase motor 
marked with the code letter M, indi- 
cating that the motor has a locked- 
rotor current of 10 to 11.19 kva per 
horsepower. A controller is also pro- 
vided, with running overload protec- 
tion in the controller to protect the 
motor within its heating damage 
curve on overcurrent. 


Required: Select a circuit breaker which 
will provide short-circuit protection 
and will qualify as the motor circuit 
disconnect means. 


Solution: The motor has a full-load current 
of 78 amps (NEC Table 430-150). A CB suit- 
able for use as disconnect must have a 
current rating at least 115% of 78 amps. 
The NE code, Sec. 430-52, will permit the 
use of a time-limit CB rated not more than 
250% of motor full-load current (although 
a CB could be rated as high as 400% of 
full-load current if such size were neces- 
sary to pass motor starting current with- 
out opening). Based on 2.5 x 78 or 195 
amps, a 225-amp frame size with 200-amp 
trip setting could be selected. The large 
size of this CB will generally take the 
starting current of the motor without trip- 
ping either the thermal element or the 
magnetic element in the CB. The starting 
current of the motor will initially be 
about 882 amps (30 hp x 11.19 kva per 
hp + 220 volts x 1.73). The instantaneous 
trip setting of the 200-amp CB will be 
about 200 x 10 or 2000 amps. Such a CB 
will provide protection for grounds and 
shorts without interfering with motor 
running overload protection. 


But consider use of a 100-amp CB with 
thermal and adjustable magnetic trips. 
The instantaneous trip setting at 10 times 
current rating would be 1000 amps, which 
is above the 882-amp locked-rotor current. 
But starting current would probably trip 
the thermal element and open the CB. This 
problem can be solved by removing the 
CB thermal element and leaving only the 
magnetic element in the CB. Then the con- 
ditions of operating overload can be 
cleared by the running overload devices 
in the motor starter, right up to stalled 
rotor, with the magnetic trip either fixed 
or adjusted to open the circuit instan- 
taneously on currents above, say 1300 
amps (882 x 1.5). 


Because the use of a magnetic-only CB 
does not protect against low-level grounds 
and shorts in the circuit conductors on the 
line side of the starter running overload 
relays, such application should only be 
made where the CB and starter are in- 
stalled as a combination starter in a 
single enclosure or are installed very close 
together, under controlled conditions. 
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Evaluating Trip Curves for Circuit-Breaker Selection 


1000 

Bis 000 HA} Min 
Curves show trip-time vs current for a : gi 5 CL 
225-amp breaker with interchangeable 200 Wacinua 126208 ang g 
trip units. Each trip unit consists of a Maximum 70-I00A ratings 
fixed thermal trip element and an inde- 100 
pendent adjustable magnetic trip element. 60 
The various trip units give the breaker its 40k Mini 
particular continuous-current rating and Pa 
are available in standard settings: 70, 100, mina z 
125, 150, 175, 200 or 225 amps. Then 20 
the adjustable magnetic element associ- 
ated with each thermal can be adjusted 10 
from 3 to 10 times the current rating of 2 6 Multiples of rated current 
the thermal trip. The curves are shown 8 alee oR 
as bands to cover the tolerances to which » } 251 195A 
the elements are manufactured and within = l= ,1 1008 
which they will operate. A band can be € |38 aon Magnetic trip adjustment range 
taken to be a large number of line curves ~ iL ES|DO5A 
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at right. Intermediate settings of the mag- 006 
netic trip would produce bands between 00 
the two shown here. 
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Multiples of rated current 


Typical Example of Combining Fuses with Circuit Breakers 


1000 
Continuous 
500 current - 
Circuit-limiting fuses can be combined 200 
with both molded-case and power circuit 
breakers. A typical application is repre- 100 
sented by the curves shown here. The eas 
fuses extend the maximum interrupting y 


capacity of the CB to values above 200,000 30 gape tate 


symmetrical amps. 

The 3-pole CB is an electrically operated 
low-voltage power circuit breaker with a 
continuous rating of 3000 amps and an 
IC of 75,000 asymmetrical amperes at 480 
volts. The CB has three magnetic tripping 
characteristics in a 2000-amp rated trip 
device. The first, the long time-delay trip, 
is adjusted to pick up at 2000 amps. The 
second trip, the short time-delay trip, is 2 
adjusted to pick up at 6000 amps. The 
third trip is the instantaneous trip and 
is set for 12 times coil rating or 24,000 


<= Characteristic trip 
band for 3000-A fuse, 
10 current-limiting type 


Time in seconds 


amps. The tolerance on pick-up settings 05 

is + 15% for this trip device. 

The time-delay trips are factory adjusted "' Short 
for minimum delays. The fuses used are 0.2 time-delay 
rated at 3000-amp continuous carrying h Ps ti 
capacity with IC of 200,000 amps. The Ot SE nae 


coordination between the fuse operating | 
band and the breaker tolerance band is 

shown in the graph at right. The combina- ' 
tion provides CB operation on faults up to agi oa 
about 60,000 amps with both devices. op- F 
erating above that value. 


OS) foe eal 5 S10, 207 5 SO Aone aOD "4000 2000. 
Current in amperes multiply by 100 
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In the selection of switchboards, 
panelboards, secondary load-center 
unit substations and related compo- 
nents, it is usually advantageous to 
select standard uniit-construction 
assemblies and/or components 
offered by a variety of manufactur- 
ers instead of requesting equipment 
requiring special or hard-to-get 
items. While this is not always 
possible, following this principle as 
‘much as possible will provide sub- 
stantial savings in cost and ‘will 
appreciably reduce delivery time. 
As a matter of fact, it will often be 


'a wise choice to alter some job 


requirements to fit readily available 
‘equipment if this can be easily 
done. And in most cases, this will 
result in a better installation at a 
lower price. 


Panelboards 


Practically every electrical in- 
stallation will require one or more 
panelboards. The NEC and NEMA 
define a panelboard as follows: “A 


DISTRIBUTION PANELBOARD, shown 
in center, is rated at 1200 amps, 208Y/ 
120 volts and contains five 200-amp 
fused subfeeder switches. Each 200-amp 
switch supplies two lighting branch-cir- 
cuit panelboards as 10 such panels are 
located on single floor of a large office 
building. Typical lighting panels, with 
15-amp, plug-in CBs are shown on each 
side of distribution panel. 


aa Oe hs 
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panelboard is a single panel or a 
group of panel units designed for 
assembly in the form of a single 
panel, including buses, and with or 
without switches and/or automatic 
overcurrent protective devices for 
the control of light, heat or power 
circuits of small individual as well 
as aggregate capacity, designed to 
be placed in a cabinet or cutout box 
placed in or against a wall or 
partition and accessible only from 
the front.” 

Other pertinent NEMA defini- 

tions concerning panelboards are: 
“(1) Enclosed Panelboard. An en- 
closed panelboard is a panelboard 
provided with a suitable enclosure; 
(2) Panel-Base Assembly. A panel 
base assembly is a panelboard with- 
out cabinet or branch-circuit pro- 
tective devices. It is designed for 
assembly in the form of a single 
panelboard, including buses, main 
connections and with provisions for 
future installation of two or more 
.branch overcurrent devices, as re- 
quired, without impairing dead- 
front features; (3) Cabinet. <A 
cabinet is an enclosure designed 
either for surface or flush mount- 
ing and provided with a frame, mat 
or trim in which swinging doors 
are hung; (4) Lighting and Appli- 
ance Branch-Circuit Panelboard. A 
lighting and appliance branch-cir- 
cuit panelboard is one having 10% 
of its overcurrent devices rated 30 
amps or less for which neutral 
connections are provided; and 
(5) Distribution (Feeder) and 
Power Panelboard. A distribution 
(feeder) and power panelboard is 
a panelboard having switching and 
overcurrent protective devices pri- 
marily used as distribution circuits 
to lighting and/or appliance branch- 
circuit panelboards, to other dis- 
tribution or power panels, and/or 
to feed a group of branch circuits 
other than lighting or appliance 
type.” 

As a rule, lighting and appliance 
branch-circuit panelboards have 
bus ratings up to 225 amps, 600 
volts or less, although larger bus 
ratings can and sometimes must be 


selected because of load require- 
ments. The NEC limits this type 
of panelboard to 42 overcurrent de- 
vices (fuses or CBs) in any one 
cabinet. In addition, such panels 
(except as installed for services) 
supplied by conductors having over- 
current protection greater than 200 
amps must be protected on the sup- 
ply side by overcurrent devices 
rated not greater than that of the 
panelboard. 

One factor of great importance 
concerns the carrying capacity of 
mains of lighting and appliance 
branch-circuit panelboards. Stand- 
ards of UL and NEMA base the 
current-carrying capacities of main 
switches, overcurrent devices and 
busbars feeding lighting and/or 
appliance branch devices within the 
panel on an assumed average load 
current of not more than 10 amps 
per branch circuit. Where the con- 
tinuous loading will be in excess of 
an average of 10 amps per branch 
circuit, busbars and integral main 
switches and overcurrent devices 
of greater capacity will be required. 

Distribution and power panel- 
boards are rated up to 1200 amps at 
600 volts or less and contain branch 
devices generally rated 600 amps or 
less. Exceptions to these ratings 
are applicable to panelboards em- 
ploying cast enclosures for special 
service conditions, and panelboards 
designed primarily for service 
equipment. 

Panelboards approved for the 
purpose can be used as service 
equipment provided that the assem- 
bly can comply with the NEC six- 
switch rule, and the overcurrent 
devices for the service conductors 
do not exceed six per ungrounded 
pole. Typical arrangements include 
a panel with a single main fused 
switch or main CB feeding a num- 
ber of small branch overcurrent de- 
vices; or two to six breakers or 
fused switches, one of which may 
or may not feed other overcurrent 
devices (via _ split-bus arrange- 
ments) within the same enclosure. 

Generally, panelboards are avail- 
able with fixed overcurrent device 
assemblies or plug-in or bolt-on 
type assemblies. 

As applied today, the most popu- 
lar type panelboards are those con- 
taining a panel-base assembly to 
which fusible units and/or circuit 
breakers can be attached. Such 
assemblies offer optimum selectiv- 
ity to meet the varying require- 
ments of each installation, thus 
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“Quality Chromalox manufacturing plus good 
distribution make an unbeatable combination” 


says William “Bill” Treece, electrical contractor, Van Wert, Ohio 


“T wouldn’t put in anything but Chromalox electric comfort heating in my homes 
because of the quality of Chromalox equipment and the service I receive from my 
nearby Chromalox distributor. One third of the 30 homes I worked on last year 
were converted to electric comfort heating from another fuel. I find these customers 
are the most satisfied since they are able to compare the comfort of electric heating 
with the former source. My satisfied customers make an ideal sales force.” 


HOW CHROMALOX ELECTRIC HEATING BOOSTS 
PROFITS FOR ELECTRICAL CONTRACTORS 


Chromalox electric comfort heating 
has a double bonus for profit-conscious 
electrical contractors: one, the widest 
choice of electric heating equipment 
available anywhere; two, an opportu- 
nity to get the entire electrical job in- 


cluding the heating system which might ° 


be handled now by the heating con- 
tractor. So Chromalox can help you 


double up on the all-important profit 


column. Only electric comfort heating 
gives this double bonus. 

You already know how to install 
-electric comfort heating; you have all 
the manpower necessary, too. To com- 
plete the job, your Chromalox electric 
comfort heating distributor will be glad 
to help with calculations, ratings and 
recommendations. It’s easier than you 
think possible. 


2 of hundreds of Chromalox units 


Radiant and forced 

air bathroom heaters 
f either recess or 

surface-mounted. 
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Size and style of in rh 
‘ ; SEND TODAY for 
clean-line electric your free sales kit to 
baseboard units for reater profit with 
all residential uses. Enromalox electric 
eat. 


Remember, too, Chromalox has 
easy-to-install units for every room in 
the home, every requirement for store 
or office building heating, every indus- 
trial heating need. So you’re all set 
to go. 

Take advantage of the Chromalox 
electric comfort heating double bonus 


now ... for better profits. WR30 


CHROMALOX 


ELECTRIC HEA 
EDWIN L. WIEGAND CO. 


7790 Thomas Boulevard - Pittsburgh 8, Pa. 
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METER CENTER consists of four standard 
4-unit assemblies stacked vertically to 
provide 16 meters and disconnects for 
living units on each two floors of high- 
rise apartment building. The 4-unit meter 
assemblies are factory bussed on line 
and load side and 2-pole 70-amp CBs 
are plugged-in on load side of each 
meter. Notice that gutters on each side 
of stacked meter assemblies match over- 
all heights. Gutters simplify connection 
to main feeders and distribute subfeeder 
circuits. 


avoiding costly custom equipment. 
Panels containing plug fuses are 
required to have fuseholders of the 
Edison-base or Type S designs. As 
a practical matter, panelboards 
with non-removable plug-fuseholder 
assemblies are furnished with Edi- 
son-base types. Then, to conform 
to the latest NEC rules, Type S 
fuses and proper adapters, classi- 
fied 0-15 amps or 16-30 amps, must 
be installed as designated by circuit 
ratings. However, it has been pro- 
posed that the 1962 NEC include 
three classifications for Type S de- 
vices instead of two. If adopted, 
the new classifications would be 


0-15 amps, 16-20 amps, and 21-30~ 


amps. Fuses and adapters in these 
categories are already available and 
are widely used. 
_ With the detachable type plug- 
fuseholder assemblies, fuse blocks 
containing either Edison-base or 
Type S fuseholders are available. 
Type NI -circuit breakers and 
panel-base assemblies are required 
where circuit breakers are used for 
lighting and appliance branch cir- 
cuits in residential and other occu- 
pancies except where the conditions 
of maintenance and supervision as- 
sure that overcurrent protective 
devices and branch-circuit wiring 
will be maintained at proper rating. 
Type NI circuit breakers, 250 volts 
less, ac, are classified as follows: 
0-20 amps; 21-50 amps; and 51-100 
amps. Such breakers or their 
ae mounting and _ bussing 


eans must be arranged so that it 
will be difficult, after a CB has been 


i. 


_panel-base assemblies. 


installed, to replace it with a 
breaker of a higher ampere 
classification. Each manufacturer 
provides his own scheme © for 


incorporating non-interchangeable 
features in his particular panel- 
board assemblies and _ plug-in 
breakers. Circuit-breaker  enclo- 
sures listed by UL as _ non-inter- 
changeable designs are marked 
Class NI. 

A number of manufacturers of 
plug-in type CBs offer breaker units 
that provide two single-pole break- 
ers or two double-pole breakers in 
the same space normally occupied 
by single units. This simplifies the 
addition of extra circuits in panel- 
boards at a later date—and permits 
more breakers within smaller panel- 
boards for new work. However, 
sound judgment is required when 
using such double-unit CBs so that 
panelboard busbars will not be 
overloaded. 

For larger distribution panel- 
boards, it is often advantageous to 
select free-standing panels, which 
can be mounted directly on the 
floor. This reduces labor costs and 
speeds up the installation. For 
mounting in or on walls, flush or 
surface-mounted panelboards are 
available. 

Combination meter and distribu- 
tion panelboards are available for 
installations requiring separate 
utility meters for each tenant with- 
in the same building. Such equip- 
ment contains two or more meter 
stab assemblies, factory-bussed line 
and load connections to meters, and 
The panel- 
base assembly on the load side of 
each meter receives a plug-in feeder 
CB to which an individual tenant’s 
feeder is connected. Several of 
such stock panelboards can be 
stacked vertically to meet the re- 
quirements of a particular meter 
load center. Then auxiliary pull 
boxes (available in various stand- 
ard lengths) are installed on either 
side of the stacked panelboards for 
connecting and distributing feeder 
conduits and wire. 

Wiring Terminals—When feeder 
cable sizes are not specified by the 
purchaser, ‘panelboards generally 
employ pressure-wire terminals 
corresponding in size to the rating 
of the panelboard. As a rule, Type 
R wire is assumed for mains rated 
100 amps or less; and Type RH 
wire is assumed for mains rated 
over 100 amps. In addition, it is 
further assumed that conductors no 
larger than 500 MCM will be used 
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and that two or more terminals in 
parallel will be provided where 
greater current-carrying capacity 
is required. Panelboards contain- 
ing terminals for aluminum and 
copper conductors are marked ac- 
cordingly. If not so marked, the 
terminals are designed for the con- 
nection of copper conductors only. 

Special panelboards can be ob- 
tained, which contain relays and 
contactors for applications requir- 
ing remote-control operation of 
various circuits. For use in wet, 
corrosive or hazardous locations, 
panelboards of approved types are 
available for such environmental 
conditions. 


Switchboards 


Switchboards contain switches, 
circuit breakers, fuses, metering 
equipment, relays or other forms of 
equipment which control or record 


electric current throughout a 
building. Discussions here are 
limited to metal-enclosed type 


switchboards, 600 volts or less, be- 
cause of the high labor installation 
costs and infrequent use of live- 
front and dead-front-live-rear 
switchboards. 

In general, metal-enclosed switch- 
boards are rated from 800 to 6000 
amps, at 600 volts or less, and 
for most installations they will 


contain the service disconnecting 


floor-mounted  distri- 
14 3-pole 
circuit breakers; ranging in size from 100 
to 400 amps, which supply branch-circuit 
panelboards located in other parts of 


FREE-STANDING, 
bution panelboard contains 


building. The 1200-amp_ distribution 
panel is fed from a main service nearby 
and occupies a minimum of floor space. 
Conductors are fed to panel via wireways 
and floor conduits. 
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PYLE-STAR-LINE 9« the most compact environmental 
circuit breaking industrial connectors S high power 
capacity #* require no special tools to assemble ea 


designed to resist severe environmental conditions.” 


white shape shows conventional plug size conipared to Pyle-Star-Line 


Available in 4 pole 350 MiCM 

to 143 pole #16. For complete 
information write: 

CONNECTOR DIVISION 

THE PYLE-NATIONAL COMPANY 
1244 North Kostner Avenue 
Chicago 51, Hlinois 

Also Mfg. in Canada by: 
Pyle-National (Canada) Ltd. 
Clarkson, Ontario 


Ri 


‘END SECTION of a large 480-volt, metal- 
‘enclosed switchboard combines feeder 
CBs, motor controls and a panelboard. 
‘Pushbutton stations and panelboard con- 
trol equipment in vicinity of switchboards. 
Engraved nameplates identify equipment 
served by devices. 

“means and service overcurrent pro- 
tective devices together with cur- 
‘rent transformers required for 
utility metering equipment. The 
most practical switchboards are 
those designed for free-standing 
floor mounting. And for purposes 
of shipping and delivery to the 
installation site, switchboards are 
shipped in two or more sections. 
However, each section should fit 


together with a minimum of field. 


fabrication. 

Busway, conduit or cable entries 
will vary with each job; and where 
a large number of raceways or 
cables will enter from the top of 
the switchboard, pull boxes extend- 
ing the length of the board will 
simplify conduit or cable termina- 
tions and distribution of feeder 
conductors. When conduits enter 
the switchboard from below, buses 
and terminals should be elevated 
high enough to allow for conduit 
stubs, bushings and bonding con- 
ductors. As a practical considera- 
‘tion, the switchboard construction 
should be such that devices can be 
removed, interchanged or added in 
the field with ease. 

Bussing arrangements should 
provide free access to the line and 
load terminals of devices. Busbars 
should be properly supported on 
rugged insulators of good dielec- 
tric properties, and they should be 
raced for anticipated short-circuit 
values, Material for busbars is 
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silver-plated aluminum or copper 
with aluminum widely used due to 
lower costs. 

As required, control and/or over- 
current protective devices for 
switchboards are available as power 
circuit breakers (stationary or 
draw-out types, and manually or 
electrically operated); manual or 
electrically operated high-capacity 
interrupter switches with Class L 
or Class M fuses; molded-case cir- 
cuit breakers with or without cur- 
rent-limiting fuses; or standard or 
hinged-cover switches. A wide 
variety of indicating or recording 
instruments, designed for switch- 
board use, are readily available. 


Secondary Unit Substations 


Factory-assembled, secondary 
unit substations can be obtained to 
fulfill the practical need of primary 
distribution systems serving large, 
scattered blocks of loads in indus- 
trial plants and high-rise com- 
mercial buildings. A number of 
major manufacturers offer com- 
plete packaged equipment with a 
wide selection of primary switch- 
gear, transformers, secondary 
switchgear and related devices. 
Moreover, these manufacturers pro- 
vide valuable equipment and tech- 
nical data sheets, which greatly 
assist in the selection of unit subs 
and the systems to which they are 
connected. 

Available for indoor or outdoor 
applications, the basic metal- 
enclosed secondary unit substation 
consists of an incoming section, 
transformer section, and outgoing 
section. Primary ratings range 
from 2.4 to 15 kv and secondary 
ratings are available for any of the 
conventional 3-phase systems at 
600 volts or less. Equipment is 
shipped from the factory in two or 
three sections, and can be quickly 
bolted together on the job site. 

In the past, all metal-enclosed 
substations were constructed of 
sheet steel. However, assemblies 
constructed of sheet aluminum are 
now available; and while they cost 
more than steel-constructed units, 
they have a specific advantage in 
outdoor applications or in other 
corrosive areas not favorable to 
steel. In addition, painting is 
not required for the aluminum 
housings. 

The incoming line section con- 
sists of a metal cubicle in which 
primary feeders are connected to 
terminals or a disconnecting device. 
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Typical primary devices include: 
(1) an air interrupter switch, 
fused or unfused, capable of inter- 
rupting loads up to 1200 amps; (2) 
a liquid interrupter switch (un- 
fused) designed to interrupt load 
currents or only magnetizing cur- 
rent, depending on the type used. 
Some oil switches can interrupt 
currents up to 400 amps, while 
askarel-filled switches are usually 
suitable for interrupting magnetiz- 
ing current only; (3) an oil-filled 
cutout which can interrupt loads up 
to 200 amps—5kv. This switch can 
be fused or unfused; (4) a draw- 
out, power air circuit breaker cap- 
able of interrupting required loads 
up to 3000 amps; and (5) an air- 
filled terminal junction box when 
isolating the substation is not 
required. 

The transformer section will con- 
sist of oil-immersed, askarel-im- 
mersed,  ventilated-dry-type or 
sealed-dry-type transformers. Oil- 
immersed transformers are gener- 
ally used for outdoor applications, 
and are not permitted in buildings 
unless they are installed in an ap- 
proved transformer vault. Askarel- 
immersed transformers can be in- 
stalled in buildings and do not have 
to be located in a transformer vault 
provided that transformers rated 
over 25 kva are equipped with a 
pressure-relief vent and the pri- 
mary supply does not exceed 15 
kv. Ventilated dry-type transform- 
ers have a popular attraction be- 
cause of lower maintenance costs 
than liquid-immersed units. Sealed- 


SECONDARY UNIT SUBSTATION con- 
sists of a 5-kv fused interrupter switch 
for 4160-volt primary; 1000-kva dry- 
type transformer, which steps down power 
to 480Y/277 volts; and secondary sec- 
tion of ten circuit breakers, each rated 
400 amps continuous current with I. C. 
ratings of 30,000 amps. 
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Any way you look at it- 


_ New 600-volt ANACONDA Hot-Spot cab! 
for the 90C-125C range cuts costs.. 


.. WHEN YOU BUY IT—Hot-Spot is a 
butyl cable—but butyl with a cost-cut- 
ting difference: 

Rated 125C, Hot-Spot butyl! gives you 
all the advantages of a high-tempera- 
ture insulation—but without the tradi- 
tionally high price tag. Here’s why: 

Before Anaconda developed Hot- 
Spot there was no rubber cable speci- 
fically designed for the 90C-125C range. 
Now Anaconda has succeeded in creat- 
ing a 125C butyl to give you rubber 
flexibility with high heat-, moisture-, 
and cut-resistance—all at less cost than 
other high-temperature cables. 

Because Hot-Spot is specifically en- 
gineered for the 90C-125C range, you 
never pay for overengineering; never 
run the risk of underengineering. 


ANACONDA HOT SPOT CABLE ANACONDA HOT SPOT CABLE ANACONDA 


... AS YOU MAINTAIN IT—Hot-Spot 
cable lasts up to three times longer than 
standard cable in high-temperature ap- 
plications. This means it— 

* doesn’t get brittle. 

* retains its tensile strength. 

* has good cut resistance. 

And it will outlast many existing 
high-temperature cables because it’s 
highly resistant to moisture, particu- 
larly important during shutdown. 

Because of these outstanding per- 
formance features, your maintenance 
costs are cut to the bone. 

Because it outlasts ordinary cable 
three to one, your replacement costs go 


WHEN YOU INSTALL IT-— Unlike 
ne high-temperature cables, Ana- 
ida Hot-Spot is not stiff and hard to 


h tensile strength with high flexibil- 
Land flexibility is a key to low-cost 
tallation. 
With Hot-Spot, installation is quick 
d easy. No time is lost due to awk- 
rd handling. 
furthermore, though rated up to 
iC, its diameter is no greater than aon. 
ist standard 90C cables. Therefore, if Because of Hot-Spot’s exceptional re- 
| spots are plaguing your present in- liability, downtime is minimized to help 
ation, you ean use Hot-Spot cable you realize optimum operating effi- 
thout the high €ost of new conduit ciency—and optimum profits. 
d fixtures. There are dozens of cost-cutting ap- 
plications for Hot-Spot—in dozens of 
industries: power plants, steel mills, re- 
fineries, tire and rubber mills, ceramic 
plants and cement plants, to name just 
afew. 

Wherever you use it, you can be sure 
it’s your best bet for 600-volt installa- 
tions in the 90C-125C range. 


utting cable costs now. call your 
local Anaconda District Office or Dis- 
_tributor. Or write Anaconda Wire and 
Cable Company, 25 Beeowey, New 
York,NY. 


Ask the man from 


ANACONDA HOT SPOT CABLE ANACON DA 


for Hot-Spot cables and portable cords 


dry-type transformers are used 
where dusty or corrosive atmos- 
pheres prevail. 

Primary voltage ratings are 
available up to 18.8 kv and typical 
transformer sizes range from 1123 
to 38000 kva. Standard 3-phase 
secondary voltages are: 208Y/120, 
4-wire; 480Y/120, 4-wire; and 240, 
480 or 600, 3-wire. 

The outgoing or secondary sec- 
tion generally consists of low-volt- 
age power circuit breakers of the 
stationary type, or the draw-out 
type with separable main contacts. 
Breaker ratings vary from 15 to 
4000 amps with interrupting 
capacities ranging from 15,000 to 
150,000 amps. 

Other major factors to consider 
in selecting secondary unit-substa- 
tions include key-interlocking of in- 
terrupter switches; features of 
separable main and grounding con- 
tacts of draw-out type CBs; ease 
of removing or inserting draw-out 


-Basic Components of a Secondary Unit 


Primary feeder 
(24 to 13.8 kv) from 
switching center 


INCOMING LINE 
SECTION 

@ Air interrupter switch with 
or without power fuses, or 

(@) Liquid interrupter 
switches, or 

@ Power CB, or 

@) Oil cutouts, with or 
without fuses, or 

© Air-filled terminal 
chamber 


TRANSFORMER SECTION 
C) Liquid - filled type, or. 


@ Dry-type 


Substation 


Metal construction 
aluminum or steel 


LOW -VOLTAGE 
SECTION 


® Metering equipment 

@) Disconnect and 
overcurrent protec- 
tion for secondary 
circuits ~ Z 
600 volts or less- 
stationary or draw- — 
out power CBs with 
or without main. 


DRAWING INDICATES the various components-that are available for the incoming, 
transformer and outgoing sections of typical’secondary unit substations. 


devices; positive interlocks to pre- 
vent removal of power circuit 
breakers in the closed position; 
automatic alignment of line and 
load contacts to busbar stabs with 
draw-out equipment; pothead or 
clamp-type terminals for primary 
cables; grounding-bus connections 


Sa- TRANSFORMERS 


The use of higher: distribution 


and utilization voltages in com- 
mercial and industrial electrical 
systems has stimulated increased 
application of modern transform- 
ers. This includes transformers for 
stepping from one primary voltage 
down to a second primary level, for 
stepping from primary down to 
secondary voltage (not over 600 
volts), and for stepping a second- 
ary distribution voltage to a sec- 
ondary utilization level. 

Various names are assigned to 
types of transformers according to 
their common use in electrical 
systems: 

GENERAL-PURPOSE TRANS- 
FORMERS are the dry-type units 
rated not over 600 volts and used 
for local step-down from a second- 
ary distribution voltage to a utili- 
zation level. They serve lighting 
and appliance loads in all types of 
occupancies. Such transformers 
are also called “general power and 
light” transformers or _ simply 
“lighting” transformers. These in- 
clude wall-mounting, ceiling-sus- 
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“over 600 volts. 


pended and floor-standing units and 
also control transformers. 
LOAD-CENTER TRANSFORM- 
ERS are either dry-type or liquid- 
filled units, primary rated from 
2400 volts up to 15,000 volts and 
used for indoor and outdoor appli- 
cations in high-voltage distribution 
systems to step to a voltage not 
Such units may be 
used either separately, in combina- 
tion with separate protective and 
switching devices and a separate 
secondary distribution switchboard, 
or they may be combined with pri- 
mary and secondary switching and 
protection in a packaged unit sub- 
station—also called a “load-center 
substation.” These are base- 
mounted, free-standing units. 
DISTRIBUTION TRANSFORM- 
ERS are single-phase and 3-phase, 
oil- or askarel-immersed, pole- 
mounting or  platform-mounting 
units primary rated from 480 volts 
up to 15,000 volts, with step-down 
to a secondary level or to a lower 
high-voltage level in the case of 
units over 10-kv primary. This 


between sections; and the type of 
indicating and recording instru- 
ments required. In addition, initial 
costs and subsequent maintenance 
costs should be considered in select- 
ing the unit equipment available 
for the incoming, transformer and | 
outgoing sections of the substation. 


type of transformer—in capacities 
up to 167 kva—is used for pole-line 
distribution. Other outdoor wiring 
systems use platform units with 
ratings up to 500 kva. / 

SUBSTATION TRANSFORM-. 
ERS are oil or askarel units pri- 
mary rated from 2400 to 67,000 
volts, with secondary ratings rang- 
ing from below 600 volts up to 
15,000 volts. Such units are de- 
signed for use in utility distribu- 
tion substations and in industrial 
substations. Power transformers 
are available for over 67 kv. 


Basic Characteristics 


Selection of a transformer for 
any electrical system application 
must cover the following: 

1. VOLTAGE RATING — The 
primary and secondary voltage rat- 
ings of a transformer are deter- 
mined very simply from the voltage 
rating of the supply to the primary 
winding and the required voltage 
level on the secondary. Both 
single- and 3-phase transformers 
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© 1962 VOLKSWAGEN OF AMERICA, INC. #SUGGESTED RETAIL PRICE, EAST COAST P.O.£., $2,270 WEST COAST. 
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Small back room for the gang. 


This is a kind of Volkswagen gizmo. 

Half truck. 

Half car. 

It'll take on 5 big guys any day. 

And still give you as much room in 

back as an average half-ton pick-up. 
Without the gang you even do better. 
If you take out the back seat, you get 

‘another 65 cubic feet of cargo space 


; 


ee 


inside. (You can even put the outside in- 
side. We have hoops and a tarp that 
turn the bed into a covered wagon.) 

Loading is easy. All 3 sides come down 
like tailgates. 

And the bed’s all flat. No wheel well. 
You use all the room for carrying stuff. 

You get the VW air-cooled engine— 
no water to freeze or boil over. The VW 


traction in snow and mud. The legendary 
VW mileage. 

And you get a truck and a car in one. 
We call this our 5-passenger pick-up 
and sell it for $2,085.* 

There are cheaper gizmos 
in the world. But they don’t 
hold 5 people. 

Or go. 


—— 
RATING DEFINITIONS 


Rated Secondary Voltage of a Constant- 
Potential Transformer is the voltage at 
which the transformer secondary is de- 
signed to deliver rated kva. 


Rated Secondary Current of a Constant- 
Potential Transformer is the secondary 
current obtained by dividing the rated 
kva by the rated secondary voltage. 


are made with a wide variety of 
voltage ratings to afford ready 
application in standard system con- 
figurations and even in non-stand- 
ard arrangments. 

To provide close application to 
practical system conditions, trans- 
formers can be selected with taps 
to adjust the transformer voltage to 
the correct primary or secondary 
voltage values. On general-purpose 
transformers, the primary is com- 
monly provided with taps to vary 
the input voltage about 10%. A 
transformer with a 480-volt prima- 
ry may, aS an example, have four 
24% taps below normal rated volt- 
age. This would mean, for in- 
stance, that the lowest tap would be 
to connect a primary feeder which 
operated at 432 volts (4 x 2.5% x 
480 = 48 volts, which is subtracted 
from 480) to obtain the rated sec- 
ondary output of 120/240 volts. If 
the 482-volt primary supply were 
connected to the 480-volt trans- 
former terminals or to any of the 
other taps, the secondary voltage 
would be lower than 120/240. Taps 


allow compensation for system 
voltage drops. 
General-purpose transformers 


have no-load tap changers, requir- 
ing that the transformer be de- 
energized when tap changes are 
made. Invariably, suitable taps for 


Single-Phase Transformer Fundamentals 


CIRCUIT CONDITIONS 


Ep = Primary voltage 

Ip = Primary current 

Es = Secondary voltage 

lg = Secondary current 

Eyp = Voltage drop in circuit conductors 
Ez = Voltage across load 

Tp = Number of turns on primary 

Ts = Number of turns on secondary 


PRACTICAL RELATIONSHIPS 


Ep Tp Ip Ts Ip Es 
Es Ts eed Pte: Is Tp Is Ep 
Ip X Ep Is X Es 
I Ep = Ig X Eg Transformer_kva rating = ————— = 
ip X Ep = Is 'g Tran rk ing ar ae 
EXAMPLE 


What are the primary and secondary current ratings of a 50-kva transformer for | 


stepping down from 480 volts to 240 volts? 


Ip = 


Transformer KVA Rating X 1000 _ 


Ip Tp Ts Is 
5 Bh 
VSI ¢, (eos): 
oie 


Eyp 


BASIC TRANSFORMER 


50 X 1000 


Ep 


480 


Gas = 104 amps 


Ep 
ae nee Duta Viv ho uaa ny 
Derek es 240 ite 


NOTE: The above formulas do not take transformer losses into consideration and are, 


therefore, only approximate determinations. 


However, because transformers are 


extremely efficient devices (e.g., 98%), the calculations shown are generally acceptable 


for practical applications of transformers. 


the given primary voltage are set 
once and left alone, unless some 
change in load conditions alters 
the voltage level at the transformer 
primary. On large transformers 
serving fluctuating demand loads, 
automatic tap changers which oper- 
ate under load can be used on the 
transformer to maintain a con- 
stant voltage level at the trans- 
former secondary terminals or at 
a remote point on the secondary 
output feeder, 

Selection of transformer taps 
should be based on establishing the 
no-load or maximum- voltage con- 
ditions at the transformer. Whether 


Typical Voltage-Adjusting Taps 


Taps: 
Primary with two Primary with two 2'4% taps 
5% taps below normal above and below normal No. | 504 volts 
PSone are UN alc sey eg 0) 
u ZS 480 TF 
480 
eer * 40-4685 1 
432v 44 ti Sie AGF of 
Hy HoH Hq Sa ® 
Pri. 
I20v 
Sec. | 120v >< I20v X, Xo > 208 
X4 Xo X3 X| See: 
120/240v x 
Secondary 3 
SINGLE — PHASE THREE —PHASE 
Common abbreviations: FCBN— Full-capacity below normal 
FCAN— Full-capacity above .normal 
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taps are above or below normal 
rated voltage, they should be se- 
lected to accommodate anticipated 
variations in supply voltage and, 
thereby, provide the required no- 
load secondary voltage. This will 
require taking into account voltage 
drops in secondary circuit to arrive 
at proper voltage levels at utiliza- 
tion devices—lights, motor, etc. 

It should be remembered that 
transformer taps change the value 
of voltage transformation by 
changing the turns ratio of the. 
windings. Because of this, the kva 
rating of a transformer is not 
changed by changing taps. 

For given voltage rating, a trans- 
former winding has a certain cur- 
rent rating, which determines the 
kva rating of the transformer. The 
ampere rating is a maximum value 
set by the impedance of the wind- 
ing and the design capability of the 
transformer to dissipate heat. Con- 
ditions of use must not place a 
higher current on either primary or 
secondary winding. If the voltage 
input to a given transformer is re- 
duced below normal, the maximum 
kva rating is reduced because the 
current cannot be increased to keep 
kva constant. And if overvoltage is 
applied, over-heating of the trans- 
former will result with shortening 
of the life of the transformer. 

In selecting a transformer, con- 
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new 


Electrical contractors, mainte- 


nance engineers profit from as 
much as a 50% savings in man-hours 
per A-C unit installed! They’re 35% 
lighter and smaller than before . . . 
are on the wall, wired, closed in 40 
minutes instead of the usual 90 min- 
utes. That means lowest finished-job 
costs, more profits when you con- 
sider both cost of the unit and in- 
stalling time! 
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dry-type transformer 


installs in 40 minutes flat! 


. core and coil 
assembly isolated from case... and 
nonresonate casing is used. 


Thanks to this new simplified 
3-piece case design, common instal- 
lation problems are eliminated. Con- 
venient knockouts ease and speed 
hookup. Conduit bending is reduced 
or eliminated. Compact size means 
A-C.units will go where conventional 
dry-types are squeezed out. 


And these new units are whisper- 
quiet. Every known silencing factor 
is incorporated_into this design . .- . 


core impregnation . . 


This new dry-type, ventilated 
transformer line (600-volt class, in- 
door) is offered in 10 sizes, from 3 to 
A5 kva. Your nearby A-C office will 
supply you with free Bulletin No. 
61 B 8222C, or write Allis-Chalmers, 
Milwaukee 1, Wisconsin. A-1601 
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BONUS PACKAGE - BONUS PERFORMANGI 


FREE PLASTIC PARTS BOX... 


Permacel Plastic Electrical Tape—the superior insulating tape for 

your toughest jobs—now in a new package at no extra cost. A clear plastic 
: box with adjustable partitions. Ideal for hundreds of uses in your 

tool or tackle box. In stock at your Permacel distributor now. 


PERMACEL 


NEW BRUNSWICK, NEW JERSEY « TAPES « ELECTRICAL INSULATING MATERIALS ¢ ADHESIV 


sideration of the “impedance” of 
the unit is involved in evaluating 
| the ability of the transformer to 
| supply short-circuit currents into 
faults on the load side of the trans- 
| former. The impedance of a trans- 
‘former is the opposition which the 
transformer presents to the flow of 
short-circuit current through it. 
All transformers have impedance 
| and it is generally expressed as a 
‘voltage percentage. It is the per- 
centage of normal rated primary 
voltage which must be applied to 
the transfomer to cause full-rated 
| load current to flow in the short- 
| ‘circuited secondary. For instance, 
| if a 480-volt to 120-volt trans- 
| former has an impedance of 5%, 
| this means that 5% 480, or 24 volts, 
| applied to the primary will cause 
rated load current to flow in the 
secondary. If 5% of primary volt- 
| age will cause such current, then 
100% of primary voltage will cause 
, 100/5 (or 20) times full-load rated 
secondary current to flow through 
a solid short-circuit on the second- 
ary terminals. 
From the foregoing, it can be 
seen that the lower the impedance 
' of a transformer of given kva 
E rating, the higher will be the short- 
circuit current which it can deliver. 
Take two transformers, each rated 
at 500 kva. The rated secondary 


load current is the same for both ~* 


' transformers. If one transformer 
is rated at 10% impedance, it can 
supply 100/10 (or 10) times rated 
secondary current into a short cir- 
cuit on its secondary terminals. If 
the other is rated at 2% imped- 
ance, it can supply 100/2 (or 50) 
times rated secondary current into 
a short circuit on its secondary 
terminals. Thus, the second trans- 
former can supply five times as 
much short-circuit current as the 
first one, even though they have the 
same kva load-handling ability. 
Common impedance values of gen- 
eral-purpose transformers are be- 
tween 3% and 6%. 
Voltage regulation 


i el kL |e ei ln ee Se 


is another 


pedance is related to it. This is a 
measure of how the secondary volt- 
age of a transformer varies as the 
load on the transformer varies 
from full load to zero, with primary 
voltage held constant. 

Regulation is expressed as a per- 
centage—no-load voltage minus 
~  full-load voltage divided by full- 
load voltage times 100%. If a 
transformer has a no-load second- 


a oy <a 


Ne ey 


transformer consideration and im-~ 


Basic Types of 1-Phase Transformers 


H4 H2 
Single volt. 
primary 
| | Single volt. 
secondary 
X2 X{ 


HI ne th H4 
Dual volt. 
primary 
Sie Caan Dual Wolk 
secondary 
X4 ie ONS Xf 


Note: These transformers are available 
connections. 


ary voltage of 240 volts, and the 
voltage drops to 220 volts when the 
transformer is fully loaded (sup- 
plying rated current output). the 
regulation percentage is: 

@40e= 1220), = 220 «100%: = 
9% 

This indicates that 9% of the 
secondary voltage is being dropped 
across the internal impedance of 
the transformer. It is obvious then 


Power is fed to primary at some voltage 
and is stepped up or stepped down to an- 
other voltage at secondary terminals. 


Two sections of secondary can be con- 
nected in series or parallel, e.g., 480-volt 
primary to 120-volt secondary (parallel) 
or 240-volt secondary (series) or 120/240- 
volt (series) with mid-tap for neutral. 


Primary can be connected to high or low 
value of voltage (2 to 1 ratio), e.g., 480 
or 240 volts. Secondary connected as 
above. 


with and without voltage adjusting tap 


that the higher the impedance of a 
transformer, the greater will be the 
drop from no-load to full-load and 
the higher will be the percent regu- 
lation. It is generally desirable 
to keep regulation as low as pos- 
sible, to minimize variation in 
voltage as load-current demands 
vary. Typical regulation values 
are between 2% and 4%. 

Low regulation becomes very im- 


T-Connected 3-Phase Transformers 


Primary 


120v 
SIZE COMPARISONS— 
eee ee ee ee 
Conventional Design T Design 
Dimensions—in. Sq. in. Dimensions—in. Sq. in. 
—| Floor | Cu. in. Floor | Cu. in. 
KVA | Height Width Depth {Space} Total Height Width | Depth |Space] Total 
6 15 18-1/2 8-11/16 | 160 | 2400 |} 22-1/2 8-5/8 | 7-3/4 67 | 1510 
9 17-1/4 | 18-5/8 | 11-5/16 211 | 3640 |} 25 8-5/8 | 7-3/4 67 | 1675 
15 19 24 13-1/2 324 | 6150 || 26-1/4 | 11-1/4 | 9-7/8 | 111 | 2920 


The T-connected transformer, made up of only two core and coil assemblies coupled 
vertically, offers advantageous application for voltage transformations in the range up to 
15 kva. It provides practical 3-phase operation in a compact unit, with reduced over- 
all size compared to conventional 3-phase transformers—as shown in the above table. 
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(iss) Armorlokt 


gives the protection 
of rigid conduit 
at one-half the cost 


It’s a simple job to install Armorlokt Cable 
around corners, over beams or down walls. 
That’s because there are no costly pipe 
bends, fittings or pull boxes. It takes about 
twice the time to install a conduit system 
and larger size cable is needed because of 
the high voltage drop. The whole job costs 
about twice as much: 


Armorlokt Cable is accessible its entire 
length, so it’s easy to make splices or add 
new feeders. You get a far more flexible and 
revisable installation, one easily adapted to 
your future needs. Tiger Brand Armorlokt 
Cable is available in a complete range of 
sizes up to 4 inches in diameter—ratings 
up to 15,000 volts with insulations includ- 
ing varnished cambric, rubber and asbes- 
tos. You can have the cable armored with 
galvanized steel, stainless steel, aluminum 
or bronze. For especially corrosive applica- 
tions, a polyvinyl chloride jacket can be 
applied over the armor. American Steel and 
Wire, Dept. 2246, Rockefeller Building, 
Cleveland 13, Ohio. USS, Tiger Brand and 
Armorlokt are registered trademarks. 


American Steel and Wire 
Division of 
United States Steel 


Columbis-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Alabama, Southern Distributors 
United States Stee! Export Company, Distributors Abroad 


3-Phase Transformer Currents and Voltages 


TL= 1.73 X lw 


Es L73X Ew 


For Any Delta Connection (Pri. or Sec.): 


Rated Transformer KVA X 1000 
1.73 X Ex 


I, = 


For Any Wye Connection (Pri. or Sec.}: 


_ Rated Transformer KVA X 1000 
1.73 X Ex 


where, Iz = Line Current (Pri. or Sec.) of Transformer 
lw = Rated Current of Each Transformer Winding 
Ex = Rated Voltage (Phase-to-Phase) of Transformer 
Ew = Rated Voltage of Each Transformer Winding 


Note: This data applies to 3-phase transformers and to single-phase transformers 


connected for 3-phase use. 


portant when the transformer sup- 
plies varying load demands for 
utilization equipment which is sen- 
Sitive to voltage changes. In cases 
where the load current on the trans- 
former is relatively constant, how- 
ever, taps on the transformer or 
primary supply conditions can be 
adjusted to provide a fixed com- 
pensation for the voltage drop in 
the transformer. Voltage level can 
be set as required at the utilization 
devices and will not change because 
load current is not changing. In 
such cases, acceptable voltage con- 
ditions at the utilization devices 
can be achieved with transformers 
of either low or high regulation. 
But it should be pointed out that 
use of a high-regulation trans- 
former gives the high internal 
impedance which reduces the level 


of possible short circuits on the. 


secondary. As a result, fuses, cir- 
cuit breakers and other protective 
devices will not have to be rated for 
as high interrupting capacities as 
they would have to be if a low- 
regulation (and low impedance) 
transformer were used. . 
2. KVA RATING—The rated 
kva output of a transformer is that 
load which it can deliver for a 
specified time, at rated secondary 
voltage and rated frequency, with- 
out exceeding a specified tempera- 
ture rise based on. the insulation 
life and ambient temperature. The 
output which a transformer can 
deliver without deterioration of the 
insulation may be more or less than 
the rated output depending upon 
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ambient temperature and load 
cycles. 
Transformers may be _ loaded 


above rated kva with no sacrifice of 
life expectancy only in accordance 
with prescribed temperature test- 
ing or short-time loading data from 
the manufacturer. In addition, the 
load that can be carried on self- 
cooled transformers can be in- 
creased considerably by the use of 
fans or other auxiliary cooling 
equipment. Such application may 
be advantageous for short-time 
peak loading, although design 
characteristics of the transformer 
must be considered, including 
increased voltage regulation. 

The basic loading conditions 
which determine selection of a 
transformer for normal life ex- 
pectancy are: 

1. The transformer is continu- 
ously loaded at rated kva and rated 
voltage. 

2. The average temperature of 
the cooling air during any 24-hour 
period is equal to 30°C. 

3. The temperature of the cool- 
ing air at no time exceeds 40°C. 

The rated kva, rated voltage and 
rated primary and secondary cur- 
rents are considered to be maxi- 
mum values. Rated kva is based on 
drawing rated current at rated 
voltage, but the kva handling capac- 
ity cannot be kept constant by, say, 
operating at lower voltage and 
higher current. The kva rating 
is set by the maximum current the 
transformer can carry without 
reaching a dangerous temperature. 


Ae 
\ a te | 


This current cannot be exceeded. | 
And it should be noted that trans-| 
former rating is in kva which makes | 
its load-handling ability inde-| 
pendent of circuit power factor. | 

Selection of a transformer in- 
volves choosing a unit which has a4 
kva rating at least equal to the kva} 
rating of load to be supplied. But | 
modern engineering practice, based | 
on experience with load growth in} 
electrical systems, demands _ in- 
clusion of spare capacity in every 
transformer installation. Of course, ; 
this spare capacity will be pro-| 
vided automatically if the feeders | 
and branch circuits supplied by the | 
transformer have spare capacity. 

In selecting transformers to! 
supply motor loads, there are. 
several general rules used to de- 
termine required kva capacity. One. 
such rule says that a transformer 
should have at least one kva of: 
capacity for each hp of motor load. 
Another guide suggests at least 14 
kva per hp of motor load for motors 
rated 5 hp and above. Motors over 
50 hp may require less than 14 kva 
per hp. Of course, extreme accu- 
racy can be achieved in matching 
transformer capacity to a given 
number of motors if the nameplate 
current ratings of the motors are 
added together and then multiplied 
by rated voltage to obtain kva. 

3. FREQUENCY RATING—By 
far the most common frequency 
of alternating current used for 
modern power and light electrical 
systems is 60 cycles. Transform- 
ers used on such systems are cor- 
respondingly rated for 60 cps. 
Where other frequencies are used,/ 
care must be taken to assure 
suitability of transformers. 

4. NUMBER OF PHASES— 
Single-phase transformers are used 
on single phase systems and on a 
single-phase of 3-phase systems. 
For transforming 3-phase voltage 
from one level to another, either 
three single-phase transformers 
can be connected for the task or a 
three-phase transformer can be 
used. A 8-phase transformer gen- 
erally weighs less and takes less 
space than three single-phase trans- 
formers of same type, construction 
and total kva capacity. But the use 
of three single-phase transformers 
has the advantage that failure of 
one of the units requires that only 
the one unit be replaced. Any fail- 
ure in a 8-phase transformer re- 
quires replacement of the entire as- 
sembly. 
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Before-and-after photos taken at Dayton Forging & Heat Treating Co., Dayton, Ohio 


Now here’s a switch. The lighting 
level is up, costs are down 


INSTALLATION DATA 


Abolite HMFAU-1800 Alzak alu- 
minum uplight fixtures with 400 
watt color-improved mercury 
lamps. Mounting height 20’, spac- 
ing 9 x 16’. Average maintained 
footcandle level: 40. 
Lighting engineer: 

Mr. Tom Baughman, 

Dayton Power & Light Co. 


In this heat treating room, high temperatures were causing both ballast 
failures and premature lamp burnouts in the extra high output fluo- 
rescent system. Even worse, the dull dreary lighting reduced worker 
efficiency, made some jobs hazardous. 

The company solved both problems at once by switching to Abolite 
fixtures equipped with 400 watt color-improved mercury lamps. The 
unit fixture cost was higher. But this was more than offset by the fact 
that only about half as many Abolite fixtures were needed. Mainte- 
nance costs are lower, too. Abolite’s open-top fixtures stay cleaner than 
any other type industrial reflector. Lamp life is longer now—about 
12,000 hours average with high lumen output maintained. 

As you can see, the Abolite fixtures provide a high level of 
comfortable, glareless light throughout the room. Company officials 
credit the new system with increasing production and making work- 
ing conditions safer. 

With all these advantages, why settle for anything less than a cost- 
saving, light-improving mercury system with Abolite fixtures? Full 
information is yours for the asking. Just write: 


09 
OLITE 
ol ghting 


THE JONES METAL PRODUCTS COMPANY 
West Lafayette, Ohio 
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CALL 


Get Youngstown conduit fast from 
your electrical distributor; get it when 


and where you need it. His stocks are 
complete. He has been selected by 
Youngstown for reputation, knowledge, 
fast service and dependability. 


He sells the best steel conduit you 
can buy. Conduit by Youngstown... 
world’s largest producer. Order low 
carbon steel Buckeye for typical 
installations or exclusive Yoloy Steel 
for greater corrosion resistance. 
Specify hot dip galvanized conduit 
with hot dip threads that need no 
lubrication. Black enameled conduit 
or lightweight EMT. Rely on your 
Youngstown distributor just as you 
rely on conduit from Youngstown, 
growing force in steel. 


! - =) Youngstown ©, Steel 
; THE YOUNGSTOWN SHEET AND TUBE COMPANY 


—— en y el . Mat Ve. For information about Youngstown Steel Conduit, write: Dept. 26C2 
ee 7 fon ee THE YOUNGSTOWN SHEET AND TUBE COMPANY, YOUNGSTOWN, OHIO 


—+ Maes all “ ne » - F Vg 
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Jape 


Sticks tight quick... 
Stays tight longer! 


BULL DOG sticks tight with split-second speed, 
yet protects circuits for years. It has the high 
dielectric strength you want. Resists aging, tem- 
perature extremes, moisture, dryness . . . other 
severe environmental conditions. 


Get the tape that’s proved itself on more jobs 
— longer than any other tape on the market. 
Get BULL DOG. 


MAKE BULL DOG 
YOUR PET TAPE... for every purpose 


¢ FRICTION 
¢ RUBBER 


e PLASTIC 


Sold only 
through verified 


wholesalers 


Friction = 
Pe Ss : ‘BOSTON WOVEN HOSE & RUBBER COMPANY 


BOS y ON DIV. OF AMERICAN BILTRITE RUBBER CO., INC, 


BOSTON 3, MASS. 
Also manufacturers of Garden Hose Matting - Stair Treads - Automotive Hose 
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3-Phase Transformer 
Configurations 


H2 


Xt XO 


HI H3 
X3 


DELTA-WYE 


Most commonly used to supply power and lighting 
loads fed by a 3-phase, 4-wire grounded neutral 
system. 


HO x1 


H{ H3 X3 


WYE-DELTA 


Used for stepping down voltages in power distribution 


5. NOISE RATING—If a trans- 
former used in a place of low am- 
bient noise level—school, offices, etc. 
—it must have a low decibel hum 
rating and/or careful installation 
to prevent objectionable noise. 

Air-cooled, dry-type transform- 
ers are generally enclosed in sheet- 
metal housings. The enclosure may 
or may not be ventilated. Com- 
pletely enclosed units are made to 
permit use in atmospheres where 
dust, moisture, chemicals or other 
airborne matter might harm ex- 
posed coils in a ventilated case. 
Some units have their core lamina- 
tions exposed to dissipate heat. 
Other small-size units have totally 
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“harmonic of magnetizing current for sinusoidal flux. 


WYE-WYE CONNECTIONS SHOULD BE AVOIDED 


The use of wye-wye transformer connections is generally discouraged because of a 
number of objectionable characteristics associated with such connection. First, a 
connection of this type generally requires that the primary neutral point of the trans- 
former windings be connected to the neutral of the source. Without connection of 
the primary neutral, unbalanced loading from phases to neutral on the secondary side 
produces a “floating neutral’ on the primary side, with a serious unbalancing of 
secondary wye voltages and reduced power-handling capacity. And because the feeder 
neutral to the transformer primary is absolutely necessary to properly supply wye- 
connected loads on the wye secondary, the source from which the primary feeder 
originates must be provided with a neutral point. Of course, the foregoing objection 
to a wye-wye connection does not obtain for balanced wye or delta loading on the 
secondary. 

The second, and major, objection to general use of wye-wye connected transformers 
arises from the character of harmonic currents generated in such a hookup. Under 
balanced conditions, a 3-phase system operates with a 120-degree phase difference 
between the phases of the fundamental current frequency and the phases of each 
harmonic frequency of current, except for the third harmonic and multiples of the third 
harmonic which are alternating in phase with each other. With sinusoidal applied 
voltage, magnetizing currents of iron-core transformers contain appreciable third 
harmonic current. But since the vector sum of currents at the neutral junction in 
a wye hookup must equal zero, third harmonic currents and multiples of third cannot 
exist in the primary of a wye-wye connected transformer if the primary neutral point 
does not have a connection to the neutral of the source supplying the transformer. 
Without the neutral connection, the third harmonic and multiples of third are 
eliminated. 

When the third harmonic of the primary magnetizing current is eliminated by not 
connecting the primary neutral, the flux wave is distorted so that appreciable third 
harmonic voltage is induced in the secondary. In a wye-wye connection, these third 
harmonic voltages cancel each other between line terminals but they show up in 
voltages between line terminals and neutral. These harmonic voltage waves assume 
a phase relationship with the fundamental voltage wave such that the windings can 
be subjected to severe overvoltages. Voltage peaks of nearly twice normal amplitude 
can subject insulation to destructive magnetic stresses, even destroying the transformer. 

There are two basic ways to eliminate the aforementioned effects due to wye-wye 
transformer connections. The simplest way is to provide a primary neutral to permit 
third harmonics in the transformer exciting currents, thereby producing sinusoidal 
flux and sinusoidal secondary voltages. This solution has the objection that the 
primary harmonic current flow may possibly produce interference on telephone lines. 
The second method of eliminating unsafe voltage stresses due to harmonic voltages 
is to use a tertiary winding in each transformer, in a delta connection. The delta 
tertiary windings short circuit the third harmonic voltages, producing the third 
Thus, voltage spikes due to 
wave distortion are virtually eliminated. 

The problem of third harmonics occurs in 3-phase, wye-wye hookups of single-phase 
transformers and in 3-phase transformers with shell-type construction of core and 
windings. However, wye-wye 3-phase transformers with core-type construction almost 
completely eliminate third harmonic flux and, therefore, do not produce an overvoltage 
operating condition and do not have third harmonic current. 

For given conditions of application, a transformer manufacturer can provide the 
proper equipment for wye-wye transformation. However, careful attention to voltage 
levels and circuit design configuration—whether to use wye or delta connections— 
can often afford real economies by eliminating need for special provisions, such as 
tertiary windings, in transformers. 


enclosed housings filled with epoxy 
compound which seals the windings 
against atmospheric attacks and 
greatly reduces operating hum. 

Dry-type transformers are de- 
signed with different types of in- 
sulations on the windings to suit 
them to various applications: 

Class “A” transformers, when 
properly loaded and applied in an 
ambient not over 40°C, will operate 
at no more than 55°C rise on the 
winding. Class “A” transformers 
are physically larger and heavier 
than corresponding sizes of Class 
“B” transformers. 

Class “B” transformers, when 
properly loaded to rated kva and 


applied in an ambient not over 
40°C, will operate at no more than 
80°C rise on the winding. Class 
“B” units are about half the weight 
of Class “A” units. 

Class “H” transformers, when 
properly loaded to rated kva and 
applied in an ambient not over 
40°C, will operate at no more than 
150°C rise on the winding. Such 
transformers use inorganic insula- 
tions impregnated with silicone 
compounds and _ varnishes to 
achieve the high temperature rat- 
ing. Class “H” insulated trans- 
formers are generally smaller and 
lighter than those with other types 
of insulation. 
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Wiring devices include recep- 
tacles, switches, plates, and outlet 
boxes. Such devices are commonly 
used on all types of branch circuits. 
And sizes, ratings or types avail- 
able provide a wide selection for 
most applications. 


Receptacles 


Receptacle ratings range from 10 
to 400 amps with certain sizes 
available at 125, 250, 277, 480 and 
600 volts. _ 

Most popular, of course, are the 
15- and 20-amp flush types, rated at 
125 or 250 volts. These are avail- 
able with several different slot con- 
figurations in grounding and non- 
grounding types. National Electri- 
cal Code rules require that recep- 
tacles instalied for the attachment 
of portable cords shall be rated at 
not less than 15 amps, 125 volts or 
1Q amps, 250 volts. In addition, 
reteptacles rated not more than 15 
amps can be connected to 15-amp 
branch circuits serving two or more 
outlets. And-15- or 20-amp recep- 


©) 
Split-bus 
duplex 


4-plex 
outlet 


Clock 
outlet 


TYPICAL FLUSH RECEPTACLES of the 125-volt, 15-. or 
20-amp parallel-blade types include single to 4-plex units 
and special purpose outlets for clocks, floors and outdoor 
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split bus 


tacles cannot be connected to multi- 
outlet branch circuits rated at more 
than 20 amps. For 30-amp and 50- 
amp multi-outlet branch circuits, 
use receptacles corresponding to 
the branch-circuit rating. Bias 

Another significant code rule 
states that receptacles connected to 
circuits having different voltages, 
frequencies or types of current (ac 
or dc) on the same premises shall 
be of such design that attachment 
plugs used on such circuits are not 
interchangeable. Quite frequently, 
receptacles will be installed in the 
same premises to serve 120- and 
240-volt appliances. In such in- 
stances, receptacles with parallel 
blades are used for the 120-volt 
portables and receptacles with tan- 
dem blades would be required for 
the portable 240-volt equipment. 
And with corresponding attachment 
plugs provided for the portable 
equipment, plugging equipment in- 
to the correct voltage supply is 
assured. In some buildings, several 
different voltages or types or cur- 
rents may be required for various 


Safety- type 
duplex 


Foor outlet 
& accessories 


interchangeable 
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not_less than 151 volts. Preser 


Interchangeable 
plug 


Waterproof 
outlets w/gr. type receptacles 


applications. Three-opening straps will permit installation of 
receptacles, switches, 
buttons and radio and TV outlets. 


eas, 


portable attachments, in which eai 
receptacles with different slot coi 
figurations would have to be si 
lected for each source to prevel 
accidental interchange. 4 
Grounding-type receptacles rate 
at 15 or 20 amps and installed 
circuits of less than 150 volts 
tween conductors must be approved 
for use only on potentials less than 
150 volts. Grounding-type rece] 
tacles rated at 15 amps and it 
stalled in circuits of 151 to 300 voli 
between conductors shall be 
proved for use only on potent 


NEMA standards classify the 15-} 
and 20-amp, parallel-blade, ground-| 
ing-type receptacles at 125 volts) 
and the 15-amp, tandem-blade,} 
grounding-type receptacle at 250\) 
volts. Following this standard sim-| 
plifies the problem of a manufac-ij 
turer to provide the proper attach-} 
ment plug for common 120- or 240-) 
volt portable appliances. y 

Presently under consideration by} 
the National Electrical Code Com-} 
mittee is a provision that would re- 
quire all receptacles connected to | 
15- or 20-amp branch circuits to be} 
of the grounding types. Present} 
1959 code rules require grounding-| 
type receptacles in the following 
areas of dwelling-type occupancies: 
(1) where installed in a kitchen at) 
the sink location; (2) where in- 
stalled in laundry rooms, open 
porches, breezeways, basements, 
cellars, work shops, garages, or out- || 


| 


3-opening Single 
strap for for 

interchangeable special 

plugs circuit 


pilot lights, signal 


elle eh i al 


- THIS PURPLE LINING MAKES CABLE PULLS 61°, EASIE 


In testst comparing lined and unlined conduits (including steel) the purple silicone li 
ing in Kaiser KINGFISHER let cables slip past the third bend up to 36% easier... pa 
the fourth bend up to 61% easier. 


Kaiser KINGFISHER gives you four more time saving differences: light weight, easy ct 
ting, uniform bending, and exclusive high strength forged couplings. 


Only competitively priced Kaiser KINGFISHER has all the advantages of aluminum pl 
slick K-40 silicone lining. Cut installation costs on your jobs: look for the purple lini 
that makes cable pulls easier. . . from your authorized Kaiser KINGFISHER Distribut 


\ 


+ Using 3 #2RHW cables in 144” conduit. KAISER 
* Trademark of Kaiser Aluminum & Chemical Corporation. ALUMINUI 


A 
| 
all 


15A,125V 
10.A,250V 


able appliances will be used. 
Split-Bus Receptacles—These are. | 
available in flush duplex or triplex | 
types with ratings of 15 or 20 amps, 
125 or 250 volts. Typical units con- | 


15.A,125V I5A,277V 


(4.2) 


20A,125V 15A,250V 


a ake 


" Paralle! 
blade 


“Parallel! 
blade 


Tandem 
blade 


IF 
Cth | 


Slanted 
blade 


Slanted 
blade 


sist of duplex assemblies with one — 
parallel-blade receptacle (125 volt) } 


and one tandem-blade receptacle | 
(250 volt) ; or two parallel-blade re- | 
ceptacles, Split-bus triplex recep- | 


w/straight gr. 
30A, 250 V 


w/U gr. 


20A,250V 15A, 125V 30A,250V 


tacles are the parallel-blade type for- \ 
use on 120-volt circuits. All forms | 
of split-bus receptacles make it pos- | 
sible to wire separate circuits or j 


re 
ae el 


Hi : = zh ai 


“Slanted 
blade 


w/straight gr. 


Locking 
type 
(Grounding 
only) 


50A,250V 


Locking 
type 


Also used 
for res. 


(Grounding 


only) 
50A, 250V 


clothes dryer 
(1157230 -volt) 


60A, 250V 


Iq 
Ba 


Also used 
for res. 
ranges 

(1157230 - volt) 


GROUNDING-TYPE RECEPTACLE slot configurations are shown for various NEMA 
classifications at different voltage and amperage ratings. Presently under considera- 
tion is a new code rule that would require receptacles installed on 15- or 20-amp 
branch circuits to be of the grounding types. Grounding-type receptacles are ayail- 


able up to 600-volt ratings. 


doors where the outlet may supply 
equipment used by persons stand- 
ing on the ground or on grounding 
conductive materials. In other type 
occupancies, grounding-type recep- 
tacles are generally required where 
portable appliances, required to be 
grounded, are installed. 

Various slot configurations of 
grounding-type receptacles appear 
in an accompanying drawing, which 
shows common sizes from 15 amps 
to 60 amps in ratings of 125, 250 
or 277 volts. 

To conform to present NEC rules 
on grounding, receptacles used on 
circuits over 150 volts to ground 
would have to be of the grounding 
type. Three-pole grounding-type re- 
ceptacles, rated at 15 amps, 277 
volts are available for use on 2- 
wire 277-volt circuits derived from 
480Y/277-volt systems. While only 
a few portable appliances are pres- 
ently rated at 277 volts, more such 
equipment is to be expected in the 
future because of the common use 
of the 480Y/277-volt systems where 
large loads are encountered. The 
most common application of 277- 
volt receptacles, at present, is for 
connecting 277-volt fluorescent and 
mercury-vapor luminaires designed 
for cord attachment. 

Terminals and Blades—In the 


no screws. 


15- and 20-amp sizes, line terminals 
are available in screw types or 
spring-pressure types for wires of 
Nos. 14, 12 or 10. Depending on 
the back plate, the screw-type ter- 
minals receive bared conductors 
straight or looped. With the 
straight wire insert, the terminal 
plate has a groove for holding the 
wire in place when the screw is 
tightened. A flat terminal plate re- 
quires that the bared conductor be 
looped around the screw in a clock- 
wise direction. 

Spring-pressure terminals require 
After the wire is 
stripped, the bare end is pushed 
into a hole in the rear of the recep- 
tacle. Wire-gripping, spring-action 
terminals inside the receptacle hold 
the wires in place. Recessed wire 
wells prevent exposure of bare wire 
after the wire is inserted. Such 
terminals have a release slot to per- 
mit removal of conductors. Recep- 
tacles rated over 20 amps gener- 
ally contain set-screw terminals. 

Parallel-slot receptacles are gen- 
erally classified as competitive, in- 
termediate and specification grades. 
The specification-grade receptacles 
have more rugged components and 
construction, and are preferred over 
the lesser grades, especially on in- 
stallations where a number of port- 
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control to each set of line sonal hola 


: iets of these receptacles. 


Many standard parallel-blade du-— | 


plex receptacles contain a “break- | 


off” feature, which makes it pos- — 
sible to use both receptacle open- | 
ings on a single circuit as in most | 
instances; or, if split-bus arrange- | 
ment is desired, a jumper can be © 
removed on the line terminal bus | 
to provide for 2-circuit operation. — 
Another form of split-bus construc- 
tion is with the use of receptacles 
of the interchangeable line where 
two or three receptacles can be at- 
tached to the same strap, and sepa- 
rate circuits or control can be sup- 
plied to each receptacle. 

Locking-type receptacles are 
available for applications where it 
is important that the cord attach- 
ment caps cannot be pulled out. 

Flush or surface receptacles are 
made in 3- or 4-pole types with 
ratings of 30, 50 or 60 amps. Three- 
pole 80- and 50-amp receptacles are 
commonly used for residential elec- 
tric dryers and ranges where the © 
grounded neutral of 115/230 cir- 4 
cuits can be used to ground such ~ 
appliances. In some areas, using 
the neutral as an equipment ground 
is prohibited by local ordinance. 
Such areas require 4-pole 30- or 50- 
amp receptacles, where one slot is 
used exclusively for a grounding 
conductor. Four-pole 60-amp (250- 
volt) receptacles are designed for 
commercial and industrial applica- 
tions to supply 3-phase or 115/230- 
volt equipment. 


Because of varying physical 
dimensions, outlet boxes for the 
flush 30- or 50-amp receptacles 


should be sized according to the 
manufacturer’s recommendations. 
Surface receptacle-outlet assemblies 
in these sizes are available in metal- 
lic or non-metallic enclosures. The 
metal enclosure is recommended 
where the unit will be subject to 
mechanical injury. 

Heavy-Duty Receptacles — For 
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@x NEW 
> SAFETY- 
GROUNDED 
CORNISH 
\ POWER-LITE 
LINE 


FOR TEMPORARY LIGHT OR POWER-—Be sure of total safety on every job—use 
grounded Cornish portable POWER-LITE LINE. Rated at 125 volts—15 amps, 
UL-approved POWER-LITE LINE has weatherproof, molded-on 3-conductor — 
male and female connectors. Double-outlet plugs, too, have ground wire. Lamp | 
outlets are molded with shade-holder grooves for guards or reflectors. — 

_ Molded hangers make installation easy as driving a nail. 
Distributors are everywhere—coast to coast. See your phone <<@ LULL 

~ pook.CCornish Wire Co., 50 Church St., New York 7, N.Y. 
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use in industrial plants or for some 
commercial establishments, heavy- 
duty receptacles are mounted in in- 
tegral cast-metal assemblies. Com- 
bination units of this type have 
conduit hubs and receptacle sizes 
ranging up to 400 amps at 250 volts 
and 200 amps at 600 volts. The en- 
closures are available in general 
purpose or raintight types. Other 
receptacle and enclosure assemblies 
are designed for use in corrosive 
or hazardous locations with a wide 
variety of such equipment made for 
practically any purpose. 

Miscellaneous Receptacles—Ad- 
ditional types of receptacle outlets 
include those for wall clocks, floor 
installation, multi-outlet assemblies, 
motor plug-base assemblies, outdoor 
applications, and radio and TV 
plug-in units. 


Switches 


By NEC reference, small-capaci- 
ty control switches up to 30 amps 
and 600 volts are classified as snap 
switches although they are gener- 
ally known as tumbler, toggle, mer- 


“General Use Snap Switch. A 
form of general use switch so con- 
structed that it can be installed in 
flush device boxes, or on outlet box 
covers, or elsewhere used in con- 
junction with wiring systems 
recognized by this Code. 

“AC General Use Snap Switch. 
A form of general use switch suit- 
able only for use on alternating- 
current circuits for controlling the 
following: 

“(a) Resistive and inductive 
loads (including electric discharge 
lamps) not exceeding the ampere 
rating at the voltage involved. 

“(b) Tungsten filament 
loads not exceeding the ampere 
rating at 120 volts. 

“(c) Motor loads not exceeding 
80% of the ampere rating of the 
switches at the rated voltage. 

“All ac general use snap switches 
are marked ‘ac’ in addition to their 
electrical rating. 

“AC-DC General Use Snap 
Switch. A form of general use 
snap switch suitable for use on 
either direct- or alternating-cur- 
rent circuits for controlling the fol- 


lamp 


ing one-half the ampere rating at 
the voltage involved, except a 
switches having a marked horse- 
power rating are suitable for con- 
trolling motors not exceeding the 
horsepower rating at the voltage 
involved. 

“(c) Tungsten filament lamp 
loads not exceeding the ampere rat-| 
ing at 125 volts, when marked with 
the letter “T.’ A 

“AC-DC general use switches are 
not generally marked ac-de, but are | 
always marked with their electrical 
rating.” i 

- Underwriters’ Laboratories, Inc. | 
follow these code definitions in clas- 
sifying snap switches and ving 
up testing standards. 

In the switches presently avail 
able, the ac snap switches are rated 
15 or 20 amps at 120 or 120/277 : 
volts. All such switches are clearly” 
marked “ac only” with their respec | 
tive ampere and voltage rating. It 
is significant that the ae snap 
switches are of the silver-to-silver 
butt-contact types, commonly re- 
ferred to as quiet-type switches. As : 
a result, the ac snap switches can 


cury, and _ butt-contact (quiet) lowing: comply with more rigid UL tests 
types. (a) Resistive loads not exceed- than the blade-or wiping-type tumb-— 
Article 100 of the NEC gives the ing the ampere rating at the voltage ler switches classified as ac-de 
following definitions of snap _ involved. types. While ac snap switches have 
switches: “(b) Inductive loads not enbeade specific advantages in ratings over 
AC —DC types 
OA, 125V T30A, 125V TIOA, 125V 
5A,250V 30A,250V 5A,250V AC-DC 
TIOA,I25V 
feats has 5A, 250V 
aS AC only | 
Dees I5A,120V A 
ompetitiv . f 
and intermediate Gneriticats Mercury type 
pecification ene lock 
grades grade ey~ 10 
type 
; AC types 
120 V or 120/277V 120/277V 120/277V 
15 or DOA I5A w/lighted push 
2 15 or 20A 15 or 20A 
toggle handle w/push handle handle w7augh handle 
Special 
Special plate actuator plate 
l20/277V : : 120/277V 
o © 
P-L | 
ce or 20A 15 or 20A 


I5A Porn handle 


types. Shown are a few of both types. 
come in a wide variety of styles, and their silver-alloyed con- 
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|to6 gang 


w/ push handle 
GENERAL USE snap switches are classified as ac or ac-de 


AC snap switches 
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| to 4 gang 


tacts offer long life, quiet operation and finger-touch control. 
Unique switch styling blends with modern architectural decor 
and attractive device plates. 
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—® 


..when fixture 
ballasts wear 
the CBM embiem 


BM means less lamp trouble. ‘‘We experience considerably less service calls on lamps using Certified CBM Ballasts. 
ith longer lamp life . . . dependable performance . . . high light output, CBM means less trouble.”’ Denver. 


swer replacements. ‘‘I’ve learned that | can expect fewer ballast failure calls when fixtures are equipped with 
ertified CBM Ballasts.” Akron. 


onger life. ‘‘Over the years, we have observed that the bulk of the ballasts which fail are those not having the 
BM label.’”’ Cedar Rapids. 


Made by leading manufacturers, CBM Ballasts meet and exceed rigid ASA specifications, as checked by 
ectrical Testing Laboratories. U. L. listed, too! It pays to insist on Certified CBM Ballasts in fluorescent fixtures 
Su specify or install. Keep up to date on ballasts; ask us to send you CBM News. aes 
ERTIFIED BALLAST MANUFACTURERS, 2116 Keith Building, Cleveland 15, Ohio 
rticipation in CBM is open to any manufacturer who wishes to qualify. 
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~ Latching 
relay w/ 


LQ 
MC, SPDT sw. 


ac-de snap switches, they can only 
be used on ac circuits. A notable 
exception to this is the mercury 
switch. 

Mercury switches have an ac rat- 
ing of 120 volts, 15 amps, but they 
are also T-rated at 10 amps, 125 
volts de. A major limitation to mer- 
cury switches is that they cannot 
be installed horizontally. 

Flush snap switches are avail- 
able in the following types: (1) 
single-pole; (2) double-pole; (8) 
3-way; (4) 4-way; (5) 2-circuit; 
(6) maintained contact, SPDT, 
DPDT; and (7) momentary con- 
tact, SPDT, DPDT, SP normally 
open, SP normally closed, DP norm- 
ally open and DP normally lcosed, 
and 3-way. Most of these switches 
can be obtained with key-lock de- 
sign, and ratings vary among the 
manufacturers. 

Some ac snap switches can be ob- 
tained with internal line shunts to 
simplify the installation of jumpers 
between switches in the same box. 
Another type has an internal shunt 
for making a neutral connection 
where this conductor passes 
through the switch box as in typical 
cable installations. For both types, 
the connections are generally the 
screwless, spring-pressure teirmi- 
nals. 

With the wide use of fluorescent 
lighting on alternating-current sys- 
tems, it is obvious that ac snap 
switches have a decided advantage 
over ac-de switches, particularly on 
circuits where switches control the 
bulk of the branch-circuit load. In 
such instances, a 15-amp ac snap 
switch equals two 15-amp ac-de snap 
switches, because on inductive loads, 
the former can be loaded to 100% 
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VA ee p 
Combination trans./relay unit 


LOW - VOLTAGE 
relay switching sys- 
tems are available 
in three types. Any 
of the systems 
shown can be 
adopted to full 
master control 
hookups and pilot- 
light indication 
with proper auxil- 
iary equipment. 
Systems (1) and (2), 
with solenoid-type 
relays, can be used 
with optional rec- 
tifier units to elim- 


on/off coils 


tem (3) _uses_a 
thermal - element 
relay and has a 
built-in transform- 
er in each unit. 


of its rating, while the latter must 
not exceed 50% of its rating. 

For tungsten-filament lamp loads 
or for combined tungsten-filament 
and non-inductive loads, ac snap 
switches may be used at their full 
rating on ac systems. However, ac- 
de switches used for such loads 
must be “T” rated on either ac or 
de systems according to the NEC 
with certain exceptions, which 
state: “A switch that is not “TI” 
rated may be installed to control 
such loads provided all three of the 
following qualifications are satis- 
fied— (1) Where switches are used 
in branch-circuit wiring systems in 
private homes; in rooms in mul- 
tiple-occupancy dwellings used only 
as living quarters by tenants; in 
private hospital or hotel rooms; 
or in similar locations but not in 
public rooms or places of assembly; 
and (2) Only where such a switch 
connects permanently connected fix- 
tures or lighting outlets in one room 
only, or in one continuous hallway 
where the lighting fixtures may be 
located at different levels, or on 
porches or in attics or basements 
not used for assembly purposes; 
and (8) The switch is rated at not 
less than 10 amps, 125 volts; 5 
amps, 250 volts; or for the 4-way 
types, 5 amps, 125 -volts, 2 amps, 
250 volts.” 

Another advantage of ac snap 
switches is that the type of switch- 
ing mechanism permits the use of 
handles that differ from the long- 
established toggle types. As a re- 
sult, many modern “pushbutton” 
or “touch” type switches are avail- 
able; and the many styles offered 
by manufacturers provide a good 
selection for varying decors. 
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inate ac hum. Sys- 7+ 


nas 


a) 
Line terminals are essentially tl| 
same as previously described 4 
receptacles. And weatherproof ey 
closures and covers are availab) 
for most snap switches. Moreove 
many switch enclosures are mac| 
for corrosive and hazardous loci 
tions. | 
Various makes of snap switch 
can be obtained where miniaturize} 
neon lamps are built into the opei) 
ating handles, thereby providin} 
pilot-light operations. i 
Low- Voltage Control—Low-vol a 


wiring installations involving 4] 
number of sets of multiple swite} 
control. This is particularly tru 
when the general wiring in a builc) 
ing is in raceways. Except in hay| 
ardous locations, Class II, low-volt} 
age remote-control wiring need n¢| 
be installed in raceways. Thre 
types of low-voltage relay-contr« 
systems are shown in an accor 
panying drawing. 

Miscellaneous Switches — Othe 
types of switch control include cei. 
ing pull switches, surface tumble 
switches, canopy switches, photc 
cell switches and feed-through cor. 
switches. 


i 


Interchangeable Line 


The interchangeable line make 
it possible to provide a compac 
group of switches, receptacles, pilot 
lights or pushbuttons. In genera! 
each strap will handle three inter 
changeable devices. Thus a 2-gan: 
switch box could contain six inter 
changeable devices, three per stray 
A good stock of interchangeable de 
vices enables a contractor to set w 
wiring devices according to an 
custom need. 

Very similar to the interchange 
able line are combination device 
which provide two switches, 
switch and receptacle, a switch an 
pilot light, or similar arrange 
ments. These units are integré 
assemblies and are provided wit 
separate or common terminals a 
desired. 


Device Plates 


About any combination of devic 
plates are available for groups o 
switches, receptacles and simila 
equipment. Such plates or cover 
are made of bakelite, plastic, stee 
enameled metal, brass, glass an 
other materials for special uses. 

NEC rules covering plates fo 
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NEW TEFLON FEP PROVIDES SUPERIOR INSULATION 
FOR HIGH-TEMPERATURE INDUSTRIAL AREAS 


[he development of the melt-processible FEP-fluoro- 
sarbon resins makes available the unmatched relia- 
lity of Du Pont TEFLON in the form of long, continu- 
gus extruded lengths of insulation. FEP resins retain 
heir outstanding insulating characteristics under ex- 
ended heat aging (see chart) and are recommended 


or continuous use at temperatures as 
igh as 200°C. They are completely non- 
lammable. 

Thus insulation of TEFLON FEP resins 
srovides an ideal solution in any indus- 
rial environment where high-tempera- 
ure problems are encountered—in heater 
ables, 600-volt power cable, signal and 
-ontrol cables and thermocouple wire. 
“EP resins also make possible size re- 


, REG.U.S PAT.OFF 
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TEFLON 


FLUOROCARBON RESINS 


insulation. 


4,000 HRS. AT 482°F (250°C) 
AFTER 500 HRS. AT 302°F (150°C) 
BEFORE AGING 


LEGEND 


TFE- and FEP- — Polyvinyl Silicone 
fluorocarbon chloride Rubber 


*Measurements made on hookup-wire samples 


ductions—smaller-diameter conductors and/or thinner 


In addition to heat resistance, FEP resins offer com- 
plete inertness to virtually all chemicals and corrosives. 
In such difficult industrial environments as chemical 
plants, petroleum refineries, steel and aluminum mills, 


paper mills, boiler and generator plants 
of public utilities, wire and cable insula- 
tion of TEFLON FEP resins provides the 
utmost in reliability at prices competi- 
tive with other high-temperature insula- 
tions. For more details, write: E. I. 
du Pont de Nemours & Co. (Inc.), Dept. 
EC-5, Rm. 2526T Nemours Bldg., Wil. 
98, Del. In Canada: Du Pont of Canada 
Limited, P. O. Box 660, Montreal, Que. 


®  TeFton is Du Pont’s registered trademark for its family 0 
& Wy 
fluorocarbon resins, fibers and film, including TFE (tetrafluoro- 
ethylene) resins and FEP (fluorinated ethylene propylene) resins. 
; 


FOOTCANBLES 


COLOR AND COSINE CORRECTED 


MULTIPLY READINGS BY MP WITH SWITCH ¢ 


or see your General Electric Large Lamp distribut 


GENERAL ELECTRIC GIVES YOU BETTER 
LIGHT AND LIFE —in more standard fluorescent OF write General Electric Company, Large La 


lamps than any other manufacturer. What's it mean Department C-215, Nela Park, Cleveland 12, Oh 


to you? Just this. Every time you buy a General Electric 
lamp, you are certain to get important added light. Progress Is Our Most Important Froduct 


Your lighting system will operate at its most efficient, 
most economical level. For facts to demonstrate G E N 3 R A L 3 LE CT R j 
all of these new developments in lighting, call honk aa 
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ae 


GENERAL (@ ELECTRIC 


F-40 


IU GET THE MOST LIGHT ina ; 


indard 40-watt fluorescent from the 
w General Electric F40. It doesn’t cost 
yenny extra, and in newer systems 
ts as long as any other lamp. Pre-1954 
tems also get the most light from the 
w F40, which most people prefer. For 
se who emphasize life in older sys- 
ns, General Electric has the answer, 
: The F40/54, giving as much or more 
ht and life as any lamp for this service. 


GENERAL 


SLIMLINE 


MORE LIGHT for your dollar is now 
available from G.E. Slimline fluorescent 
lamps. Again General Electric leads the 
industry in raising the standard of lumen 
levels—5% more at no increase in cost. 
Combined with improved life ratings, this 
extra light that you now get from General 
Electric Slimline lamps gives still an- 
other reason it pays to get the fluorescent 
lamps with the highest performance 
levels—lamps made by General Electric. 
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HIGH OUTPUT 
GENERAL ($6) ELECTRIC 


HIGH OUTPUT 


EVEN MORE LIGHT and longer 
life ratings from still another fluorescent. 
Now General Electric adds new, higher 
lumen output to the new life ratings of 
High Output fluorescent lamps. It’s still 
another example of how General Electric 
lighting leadership pays you a profit 
every time you install lamps bearing the 
General Electric trademark. It’s another 
reason you owe it to your company and 
yourself to get all the facts on G-E lamps. 
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switches and receptacles require 
that faceplates of non-ferrous 
metal shall be not less than 0.040 
in. thick, and for ferrous metal, not 
less than 0.030 in. thick. And non- 
metallic plates must be of non- 
combustible material and not less 
than 0.10 in. thick. 

While most switches and recep- 
tacles are available in ivory or 
brown types, other colors can be ob- 
tained to match special plate colors 
such as gold, red, beige, black, 
white, yellow, blue or green. Also 
various decorative plates are made, 
some of which are designed for 
specially styled switches. 


Outlet and Device Boxes 


As discussed here, outlet and de- 
vice boxes include sheet-metal and 
non-metallic types commonly used 
with interior wiring systems for 
the attachment of lighting fixtures, 
switches or receptacles. 

Metallic boxes are generally of 
the sheet-steel types, with galvaniz- 
ing or similar protective coatings, 
and the size of the metal is No. 14 
USS gauge (0.0747 in. thick). 

Boxes constructed of sheet alu- 
minum are still not available on a 
large scale, due mainly to higher 
costs than steel boxes and the suc- 
cessful field experience of standard 
steel boxes with.aluminum conduits 
and fittings. 

Non-metallic boxes are  con- 
structed of bakelite, plastic, fiber- 
glass or porcelain material and they 
can only be used with non-metallic 
wiring methods. Using non-metallic 
boxes with non-metallic wiring 
methods and insulated plates or 
covers can provide a completely in- 
sulated wiring system such as used 
in many corrosive or damp loca- 
tions. In such instances, ground- 
ing is minimized and the non-metal- 
lic components are not adversely 
affected by these environmental 
conditions. 

Other than the porcelain types, 
present-day non-metallic boxes are 
more durable than those available 
in past years. New developments 
in plastics and similar materials 
have made it possible to produce 
boxes that can withstand the normal 
physical abuses found on most con- 
struction jobs. On the other hand, 
porcelain boxes break easily and 
should not be used where subject 
to mechanical injury during or after 
construction. 

While it is quite natural that 
steel boxes are of more durable 
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Number of Conductors in Boxes a | 


100% Maximum Number of Conductel 

Box Dimensions, Inches Cu In. - 

Trade Size Capacity No. 14. No. 12 No. 10 Ne 
VA vx 34 octagonal nz 2.3 acne ones esi ats 10.6 5 5 4 
PA Aroctagonal Winns ae mera 16.5 8 7 6 
2/3 2x; Avoctagonahys. sacs se ene vere ete 23.0 11 10 8 
VUGbx:- As SGUATE oils Nopotar crass na oat oe ae ep eee Ta 17.6 9 7 6 
WWAEXEAISQUCTeN cc: pinteniaieou ties eee eit etnten: tae 21.1 11 9 7 
2p KSA SQUAT ere wie oak eee ee eee eee 29.9 16 12 10 

Vax AMI 1Gsquare sta -cor crea cere ee 30.0 16 12 10 “al 

2Vatx/A Mp iéisquare 2. koa tlee cahcate eine 42.0 20 16 12 IC, 
DiXc2 RAG AAEVICS OX oF eas ee ae healer 10.2 5 4 4 
2% x 2 x 3 device, box (beveled)........... 10.8 5 4 4 
2A KX DEX BNA Svice POX ne. elias lesausileyeele 12.8 6 6 5 
DIYAEXCDIX Sud EVICe POX Hae ee al eee eee a2 if re 6 
3/2 XeZEKusud VICE DOXm etre ee elapse need sae ~ 18:0 9 8 7 
Sax: 2/6 xed Utility boxs-cccscns diy areata ye melitiEO 5 4 4 
Wa x2 ex Ae Utility: BOX «teers nies ee 14.0 7 6 5 
QV aixenl/sexad, Utility, POX: Jase aletee eels cre 16.0 8 7 6 
2 x 4 octagonal concrete box............... 25.0 12 11 9 
2% x 4 octagonal concrete box............. 31.0 16 12 10 
3 x 4 octagonal concrete box............... 37.0 18 15 11 

*3V2 x 4 octagonal concrete box............- 43.0 20 16 12 10, 

4 x 4 octagonal concrete box............-05 49.0 22 17 13 W 

5 x 4 octagonal concrete box............... 62.0 26 20 a5: 13) 

6 x 4 octagonal concrete box.............-. 74.0 30 23 ibe 15 


* Same dimensions as a 4-in. octagon hung-ceiling box 3¥2-in. deep. Where there is not sufficiel 
space for a deeper box, four No. 14 Awg conductors may enter a box provided with cable clam} 


TABLE SHOWS the number of conductors permitted in several popular box sizé 
not listed in the NEC in addition to those that are listed. For each box size th 
cu in. capacities given are representative values. Each wire running through a be} 
(without connection) counts as one wire. Each wire entering and connected in a bi 
counts as one wire. Fixture wires or jumpers within a box need not be counte’ 
Deduct one wire from table where one or more fixture studs, cable clamps ¢ 
hickeys are contained in a box. Deduct one wire for one or more flush device 
mounted on the same strap. For wire combinations not shown in table: Ni 
14 =:2 cuvin., No: -12°= 2:25. cusins, No. 10°=; 2:5 cul int) ands Nomen —=sosculm 


construction than non-metallic 
boxes, the chief advantages of the 
metal types are that they can be 
used with most wiring methods, 
and they are available in a wide 
range of sizes and types. 

In many of the popular sizes, 
boxes are provided with clamps 
suitable for securing non-metallic 
sheathed cable, non-metallic flexible 
tubing (loom) or armored cable. 
Clamps for such purposes are 
marked “N” for non-metallic 
sheathed cable, ‘“‘T” for non-metal- 
lic flexible tubing, and “A” for 
metal armored cable. Many clamps 
are marked “NT” for use with 
both previously mentioned non- 
metallic systems. Clamps for non- 
metallic systems are located inside 
of boxes. For armored cable sys- 
tems, clamps are either inside or 
outside of the boxes. Obviously, 
the external clamps permit more 
wiring space inside the box. 

For most cable jobs it is gener- 
ally more economical to use boxes 
provided with clamps than to use 
conduit boxes with separate cable 
connectors. 

In selecting box sizes for any type 
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of wiring method, the main con 
sideration concerns the number 0 
conductors that will be installed i) 
the box together with switches o} 
receptacles, studs or clamps. 

Section 370-6 of the NEC in 
cludes tables for deep and shalloy 
boxes, which determine the size ; 
several popular boxes according t 
the number of conductors, device 
and fittings within them. However 
Table 370-6 (a-1) does not includ 
such common boxes as utility boxe: 
or concrete boxes, nor does it in 
clude the cu in. capacity of boxe 
to simplify the calculation of bo: 
sizes where conductors of differen 
sizes are encountered. To simplif: 
such a procedure, an accompany 
ing table is included, which can b 
used as a guide to determine bo; 
sizes quickly. The cu in. capacitie 
given are based on average value 
and on free wiring space (withou 
conductors, devices or fittings) 
Moreover, the table is based on th 
cu in. values for conductors of Ne 
14 to 8 as given in Table 370-6 (b) 

The accompanying table shoul 
be applied the same as Table 370- 
(a-1) in the NEC. 
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As included in this section, wire 
onnectors apply to all types of de- 
ices intended to join or terminate 
lectrical conductors. Cable con- 
ectors refer to fittings designed to 
ecure metallic or non-metallic 
ables to enclosures such as cabi- 
ets and outlet boxes. 


Wire Connectors 


Since every electrical installation 
ontains numerous splices and 
rminations, the selection of proper 
fire connectors for various sizes, 
ombinatiens and types of conduc- 
ors is an extremely important 
actor in a sound electrical installa- 
ion. 

‘Wire connectors are generally 
lassified as either thermal or pres- 
ure types. 

Thermal connectors include those 
n which heat is applied to form 
oldered, brazed or welded joints 
nd terminals. Soldered joints and 
igs for copper conductors have 
een used for many years and, ex- 
ept for service wire and ground 
onnections, are still permitted. 
lowever, soldering is rarely used in 
1odern installations because of the 


reater dependability and -installa-~ 


ion ease of present-day solderless 
ressure connectors. And while it 
; possible to solder aluminum con- 
uctors, this is not recommended 
nless the installer is fully familiar 


Typical Solderless 


Screw-on types 


ee 
2H CONNECTORS 


with the special techniques involved. 
On the other hand, welded alumi- 
num connections in circular-mil 
sizes are very satisfactory and pro- 
vide the best possible joint for 
aluminum conductors. At the same 
time, this process is generally re- 
stricted to the types of installations 
in which the cost of the necessary 
equipment and skilled labor can be 
justified. 

Grounding grids or bussing are 
widely used on large construction 
jobs and grounding connections 
must be permanent in the interests 
of safety. For joining bare copper 
conductors together or to reinforc- 
ing rods, ground rods or steel sur- 
faces, a mold-type welding process 
is highly recommended. This proc- 
ess consists of a mold and starting 
and mixing powder. After con- 
ductors, sleeves and/or lugs are 
placed in the mold a flint gun is 
used to ignite the starting powder. 
This forms a liquid copper, which 
fuses conductors into a solid mass 
and welds a permanent electrical 
connection. Offered by several 
manufacturers, the mold-type weld- 
ing process can be performed easily 
without special training. 

A solderless pressure connector is 
a device which establishes the con- 
nection between two or more con- 
ductors or between one or more con- 
ductors and a terminal by means of 
mechanical pressure and without 


Pigtail Connectors 


Indenter or 


Set-screw type 


crimp type with 


or without insulated caps 


OLDERLESS CONNECTORS for pigtail splices of smaller conductor sizes are avail- 
ble in the form of screw-on, indenter or crimp, and set-screw types, with or without 


isulating caps. 
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the use of solder. This broad NEC 


definition includes the bulk of 
solderless connectors and terminal 
lugs. 


The common screw-on pigtail 
connector consists of an insulated 
cap made of plastic, bakelite, porce- 
lain, or nylon and an _ internal 
threaded core with or without a 
metallic coil spring. Such connec- 
tors require no hand tools and are 
simply twisted onto appropriate 
combinations of bared conductors. 
Connector types consisting of metal- 
lic spring coils (copper coated or 
steel) are listed by UL as pressure 
cable connectors, which means they 
can be used for connecting branch- 
circuit conductors No. 14 and larger 
according to listed sizes and com- 
binations; and in certain instances, 
these connectors can also be used 
as fixture-splicing connectors in 
which case they will be dual-listed 
by UL. 

On the other hand, the connectors 
without metallic coil springs are 
regarded as fixture-type splicing 
connectors for joining fixture wires 
or branch-circuit wires to fixture 
wires in a combination of sizes from 
No. 18 to No. 10 within the listed 
capacities of the connector. They 
are not acceptable for general use 
in branch-circuit wiring. 

Most of the screw-on connectors 
are designed for copper-to-copper 
wire connections. An exception is 
the type with a coated-steel coil 
spring, which has UL listing for 
aluminum-to-aluminum wire con- 
nections as well as copper-to-copper 
connections. However, no pressure 
connector, including the screw-on 
type, is approved or recommended 
for splicing aluminum and copper 
conductors together where the two 
different metals are in direct 
physical contact with each other. 

With screw-on-type connectors, 
solid conductors are inserted paral- 
lel into the connector. Then the con- 
nector is twisted, thus forming a 
locking action on the conductors, 
and providing a dependable connec- 
tion. Stranded wires in the smaller 
sizes are twisted together before 
installing the connector. And in all 
cases, proper size connectors should 
be selected to accommodate the size 
and combination of conductors 
involved in each splice. 

Maximum voltage ratings for 
screw-on connectors are 600 volts 
(or 1000 volts inside a fixture or 
sign), although some types cannot 
be used on circuits over 300 volts. 
Also, temperature ratings will vary 
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TRIANGLE UNIT TYPE DUCT-CABLE SYSTEM 


A COMPLETE, 
PRE-ASSEMBLED 


LIGHTING CIRCUIT... 
ALREADY ENCLOSED 
IN PLASTIC DUCT! 


BIG SAVINGS IN TRANSPORTATION... TRENCHING... INSTALLATION 


Triangle’s Unit Type Duct-Cable System has been designed and engineered 
to overcome the disadvantages of the installation of duct in short lengths 
with sleeve type couplings. Triangle’s method provides a vastly superior 
system at considerably lower cost through the use of a “UNIT ASSEMBLY” 
consisting of the required number of parallel conductors in long length 
coilable plastic duct on reels. 


Easier To Transport—No separate units to be transported and assembled 
but a complete system, ready for installation. 


Easier To Trench —There’s no need to work in the trench, therefore 
only a small slot trench is required. Or, just plow the system in. 


Easier To Install—Duct need not be straightened too much, since some 
snaking is necessary to accommodate expansion and contraction. This 
system eliminates use of fish wire, splice boxes and fittings to meet 
changes in route and profile. Eliminates the necessity for sand bedding, 
protective planking or other precautions normally required for direct 
burial cable. 


High Impact Strength—Withstands heavy pounding of overhead traffic, 
severe abuse by hand tools such as shovels and picks. 


Triangle Unit Type Duct-Cable System, write: 


WIRE AND CABLE DIVISION 


For complete Technical information on the TRIANGLE CONDUIT & CABLE co., INC. 


NEW BRUNSWICK, NEW JERSEY 


1tMUST Be Right!” 
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UNDERGROUND STREET 


according to the type of insulating 
leap. Data for voltage and tem- 
perature ratings of the various con- 
{nectors can be obtained from the 
individual manufacturer’s catalog. 

Bolted-type pressure connectors 
include those for making pigtail, 


| straight, tee, or terminal connec- 


tions. Such connectors depend on 
the applied force of bolts or screws 
to produce the clamping and contact 
pressures between conductors and 
the connector. 

For making pigtail connections 
in wire combinations up to No. 10, 
set-screw connectors with a sepa- 
rate insulated cap, which threads 


| onto the connector after securing 


the wires, 
These 


are readily available. 
connectors are used in 


_ branch-circuit wiring, fixture hang- 
| ing, and equipment hookups. The 


only tool required is a screwdriver, 
and the connectors can be re-used. 
As such, they are especially recom- 


mended in installations where wir- 


|) ing connections will be changed fre- 


quently. Various set-screw connect- 
ors with thread-on insulated caps 
are UL listed as pressure wire con- 
nectors and/or  fixture-splicing 
connectors according to individual 


| manufacturer’s listings. 


Other types of bolted connectors 
are available for practically any 
desired wire combinations, sizes 
or arrangements. Accompanying 
drawings show a variety of such 
devices. Such connectors are con- 
structed of copper, bronze or alloys 
of similar metals for use with cop- 
per conductors. Connectors for 
joining aluminum wires together 
are constructed of aluminum, tin- 


| plated silicon bronze or tin-plated 


copper alloy materials. 

Where copper conductors will be 
connected to aluminum conductors, 
connectors should be selected which 
are designed for this purpose, and 
which provide bi-metal or tinned 
spacers. The bi-metal or tinned 
spacers permit separation of alumi- 
hum and copper conductors, thus 
preventing the possibility of gal- 


_vanic corrosion. Careful compliance 


\ 


with manufacturers’ recommenda- 
tions as to cleaning aluminum con- 
ductors, applying connector aids, 
and properly positioning the alumi- 
num and copper conductors will 
provide a satisfactory joint. 
Many forms of bolted connectors 
are designed for making branch 
connections from main conductors. 
In such instances, minimum and 
maximum wire sizes are listed for 
both main and branch (tap) ranges. 
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Straight Coupling-Type Solderless Pressure 


Two-way coupling types 


Connectors 


Two-way or 


pigtail types 


TWO-WAY CONNECTORS are designed for making straight coupling splices of 
conductors. The types shown are typical of bolted types. Connectors shown at right 


are also used for pigtail connections. 


Such ranges in wire sizes are listed 
for each connector, and for satis- 
factory connections, should be care- 
fully observed. Split-bolt, clamp- 
type, gutter-tap and parallel cable- 
tap connectors are a few of the 
common types used for splicing 
branch conductors to main con- 
ductors. Except for the parallel 
cable-tap connectors, these connec- 
tors must be taped after the wires 
Jhave been connected. Some parallel 
cable tap connectors feature a two- 
piece molded-plastic cover that fits 
over the connector and covers unin- 
sulated parts. This eliminates the 
time required for taping, and makes 
it possible to remove the connector 
quickly if this is a factor to be 
considered. 

Wires are fastened to bolted-type 
lugs by one or more bolts, depend- 


ing on design and ampere ratings. 
Two- to four-barrel lugs are used 
to terminate multiple conductors. 

Where numerous connections are 
necessary, as in complex control 
circuitry, consideration should be 
given to the use of terminal blocks 
and terminal block kits made avail- 
able by a number of manufacturers. 
Such assemblies contain bolted-type 
terminal blocks. The terminal blocks 
can be obtained in fully assembled 
or individual blocks, and the termi- 
nals are available for a wide range 
of wire sizes. With these units, 
connections can be made quickly and 
all terminals can be readily identi- 
fied, thus simplifying troubleshoot- 
ing or later changes in circuitry. 
And the terminal blocks can be in- 
stalled in standard pull boxes or 
auxiliary gutters. 


Run and Tap Solderless Pressure Connectors 


Split—bolt type 


Clamp-type 


RUN AND TAP connectors are designed to permit branch taps from main conductors. 
Drawing shows a few of the split-bolt and clamp-type solderless connectors. 
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‘| 
, The Original Touch Switch 
Imitated But Never Equaled 


: 7 | ig ( ( 
e Bh scat Cie os S oe eS 


Bins 


cll the ewiteh with tho 


UL listed —CSA approved 
U.S. patent no. 2,820,113 
2,928,920 2,933,579 


and most rugged foo... 


( 
eihotle the most Sensitive Touch 


Action Switch available. To test the validity of 
this claim, take a Rodale Touchette and any 
other touch switch... press them together button 
to button. At the slightest pressure, Touchette 
switches on. Greatly increased pressure is re- | 
quired to actuate the other switch. Remember, [& a Atti 
Rodale has been making this type of touch switch 
longer than anyone else. 


ae sche Ideal tor 


* New Construction * Rewiring « Replacing 
* Remodeling + Least expensive touch switch 


WHY? 

* Most rugged — yet easiest touch * Requires no special wiring 

* Ouickly installed .* Large head brass binding screws 
* Mounting screws in place * Is but 1” in depth 

* Fits standard outlet boxes * Needs no special wall plate 


Deuchotle Is available in single pole, double pole, 3-way, 4-way, two circuit, and 
20 AMP Models. Brown, Ivory or White touch button. Is rated 15A-120-277V (A.C. only). 


Ask about two-circut Touchette for ott ames 
J 


light dimming applications (CAT. NO. 462) 


re 


Sees 
“Bin 


= 4 


manufacturing 0, | ; 
eseveuie emmaus, pa. 
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or for further information and prices, 


Sold only through electrical wholesalers, H 
write Rodale direct. * 


: 
e . 
*eeeee® 


Bolt-Type Terminal Lugs 


| BOLT-TYPE TERMINAL connectors are classified as single-, two- or three-barrel 


types, and the lug surface contains one or more holes depending on ratings and 


designs. Representative types are shown. 


Compression-type connectors and 


| lugs include those in which hand, 
_, pneumatic or hydraulic tools indent 


or crimp tubelike sleeves which hold 


the one or more conductors. The 


crimping action changes the size 
and shape of the connector; and a 
properly crimped joint deforms the 


conductor strands enough to pro- 


vide good electrical conductivity 
and mechanical strength. With the 


smaller sizes of solid wires, some 


indenter splice caps require that the 
wires be twisted together before 


being placed in the cap and crimped, 
while others are intended to be in- 
serted parallel. This will vary with 
the type of indentations, and the 
manufacturer’s recommendations 
on the correct method of making 
the splice should be followed. 

One of the disadvantages of 
indenter or crimp connectors is that 
special tools are required to make 
the joint. However, many contrac- 
tors feel that this can be justified 
by the assurance of a dependable 
joint and low cost of connectors. 


Connectors are designed for 
either copper or aluminum conduc- 
tors, or both. Connectors with no 
markings are generally suitable for 
copper conductors only. Where a 
connector bears the marking “AL,” 
it is designed solely for the connec- 
tion of aluminum conductors. And 
connectors marked “CU-AL” are 
for use with either copper or 
aluminum conductors. 

Straight coupling connectors, 
marked “CU-AL” are ideal where 
aluminum conductors are run to 
equipment with terminals designed 
for copper conductors. In such 
cases, a short piece of copper wire 
extends from the equipment termi- 
nals to one side of the straight 
coupling connector; and the alumi- 
num conductor is connected to the 
opposite side. On the other hand, 
terminals in many new meter 
sockets, switches and panelboards 
are designed for connection to 
either copper or aluminum wires. 
If this is the case, a statement to 
that effect will appear on the inside 
of the enclosure, and no markings 
will be found on the terminals. 

All connectors designed for con- 
necting aluminum conductors to 


Assortment of Typical Cable Connectors 


FOR NON-METALLIC SHEATHED CABLE 


Snap-in 
types 


Straight box connector types 


Box types 


SE cable when 
used indoors 


FOR ARMORED CABLES 


Also designed for 


FOR SE CABLE 


Watertight types 


Angle-type 


tr, 

a REPRESENTATIVE TYPES of cable connectors are shown in drawing for use with non-metallic sheathed cable, SE cable and 
armored cable installations. Such fittings are classified as straight connectors (snap-in or box types), angle connectors (45° or 
90°), or duplex types. 


A 


a 
Zz 
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& Current news reports 


WHATS HAPPENING 
ELECTRICAL SERVICES ? 


Highlights: a new 100-, 50- and 25-kvar capacitor line. A load-break switch that 
provides complete system and personnel safety. These examples demonstrate the extra 
value that is standard with Allis-Chalmers...the greater efficiency and added productivity 
that are yours when you buy A-C products, systems and services. Call your nearby Allis- 
Chalmers office for details or write Allis-Chalmers, Milwaukee 1, Wisconsin. A-1590 


Metal-clad safety for your per- 
sonnel... A roll-out load-break switch 
that completely isolates the switch from 
live current. Fuse changing and switch 
maintenance handled with maximum 
safety. The roll-out element cannot be 
withdrawn or returned to the cubicle 
with the switch in the closed position. 


Load center substations cut costs! Ventilated dry-type 
transformers require less maintenance. You keep line losses 
at a minimum by locating substations close to your load centers. 
Other A-C advantages: a low-voltage breaker compartment 
that’s completely isolated from bus compartment and other 
breakers; manual or electrical stored-energy closing; LCS units 
that are preplanned for expansion. Specify A-C substations with 
dry-type, oil-filled or Chlorextol-filled transformers. 


Chlorexfol, Super-Seal, Poxeal and Vori-Tex are Allis-Chalmers trademarks. 
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Dependable motor starters: 


Two years ago, A-C engineers 
traded the bulk in low-voltage 
motor controls for the savings of 


simplicity. With this came excep- 
tional reliability, demonstrated 
by a substantial drop in the re- 
placement parts business. You 
can be sure of fewer shutdowns 
when you specify A-C motor 
control—still the most advanced, 
easiest to maintain! 


7 


Vari-Tex speed changer takes corrosive 
atmosphere in stride: At a chemical com- 
pany, this 25-hp Vari-Tex speed changer drives 
a pump through a single reduction gear unit. It 
operates in an atmosphere of hygroscopic potash 
dust which is highly corrosive when wet. Poxeal 
insulation system equips the open Super-Seal 
motor to deliver a long, trouble-free life. 


SESS 

NS 

Coe 
BUNGE 


New, lighter, smaller . . . A-C adds 100-kvar size to 
extended-foil capacitor line. New Allis-Chalmers 100-kvar 
95-kv-BIL capacitor weighs just 98 Ib, has an all-aluminum 
case! To complement the new 100-kvar line, the 25- and 
50-kvar units have been redesigned with aluminum cases, 
weights reduced to 37 and 58 lb respectively for 95-kv-BIL 
units. Mounting centers are still 1554 in. and case widths 
are 4 in. for all sizes from 2400 through 7960 volts. 


ALLIS-CHALMERS 
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copper conductors will have a spacer 
so that the two different metals 
will not touch each other. The UL 
does not list any connector where 
aluminum and copper conductors 
will not be so separated. 

For electrical connections in cir- 
cuits rated above 600 volts, proper 
insulation is as important as pro- 
viding the actual continuity of the 
current path. Splices and termi- 
nals must be made carefully in full 
conformity with instructions of 
connector manufacturers. 

Several manufacturers feature 
splicing kits for making high-volt- 
age splices. These kits will vary 
according to the circuit voltage and 
type of cable (interlocked armor, 
neoprene-jacketed with or without 
shielding, or lead-covered) for the 
particular conductor insulations. 

A common high-voltage connect- 
ing device is the pothead, which is 
used to connect cables to equipment 
or to other circuits. A pothead is 
a sealed terminal which provides 
connection to the conductor in the 
cable, provides moisture-proof- 
ing for the conductor’s insulation 
and seals in cable impregnating oil. 


Cable Connectors 


Cable connectors are designed to 
connect metallic or non-metallic 


A magnetic contactor is an ON- 


OFF switch in which the opening 
and closing operations are effected 
by energizing an electromagnetic 
mechanism. Magnetic contactors 
are used to provide automatic and/ 
or remote switching of feeders, 
branch circuits and _ individual 
loads. In their load-switching func- 
tion, they-perform actions identical 
to a manually actuated switch—a 
typical safety switch. In fact, if 
the switch control provided by any 
magnetic contactor did not have to 
be automatic or remotely operable, 
it could be replaced by a safety 
switch. 

From the foregoing, it is clear 
that selection of a magnetic con- 
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cables to enclosures. Such connec- 
tors are designed for certain sizes 
of cable (12/2, 10/3, 8/8 etc.) and 
are available as straight or angle 
(45° or 90°) types. Single straight 
connectors accommodate one cable, 
and the duplex straight connector 
will handle two cables with No, 14 
or No. 12 conductors. 

For metallic cables, the function 
of the connector is to insure a con- 
tinuous metallic bond through the 
armor to the metal enclosure to 
which the cable is connected. Con- 
nectors for armored cable, (Types 
AC, ACT, ACL, and AVL) are gen- 
erally the -solid-body single set- 
screw type; single-screw hinged 
type; two-screw type; or single- or 
two-screw, straight squeeze type. 

For mineral-insulated cable 
(Type MI), special connectors are 
used and are designated as Type 
“O” for general applications and 
as Type “H” for use in Class I, 
(Groups C and D) and Class II 
hazardous locations. 

Connectors for SE cable are 
available in watertight or non- 
watertight types with the latter 
used indoors only. 

Various types of connectors can 
be obtained for non-metallic 
sheathed cables. Since the purpose 
of connectors for such cables is 
merely to provide a _ reasonable 


tactor for load switching follows the 
same considerations made in the 
selection of a safety switch. But 
selection of a magnetic contactor 
involves the additional considera- 
tions of type of electromagnetic 
mechanism and required character- 
istics of the control eircuit. Effi- 
cient selection of magnetic contac- 
tors—i.e., for any particular appli- 
cation, selection of the unit which 
provides maximum effectiveness 
with maximum economy—depends 
upon a clear understanding of con- 
struction, operation and application 
of the variety of contactor devices 
available for use. 

The following discussion covers 
equipment which is only magneti- 


Compression Connectors 
(Crimp or Indenter Types) 


COMPRESSION CONNECTORS are of the 
indenter or crimp types, and are applied 
to conductors by hand, pneumatic or hy- 
draulic tools. A variety of such fitting 
are available and they are widely usec 
for connecting aluminum conductors. i 
H 
clamping action, the connectors 
must secure the cables without 
injuring them. For the smaller 
cable sizes, low-cost snap-in or 
wedge-type connectors can be ob- 
tained, and these fittings do not 
require threaded throats and lock- 
nuts. Several types of snap-in type 
connectors can be installed in a 4-in. 
knockout either from the outside or 
inside of an enclosure. 
Accompanying drawings show 
representative types of cable 
connectors. , 


BE MAGNETIC CONTACTORS 


cally operated and is used for the 
prime purpose of achieving auto- 
matic and/or remote operation. 
(Some contactors have a small man- 
ual operator for emergency or con- 
venience). It does not cover heavy- 
duty service-entrance switches or 
power circuit breakers which have 
electromagnetic action for conveni- 
ence or necessity in operating their 
large, high-inertia contact mech- 
anisms or have magnetic operation 
in addition to manual operation. 
Such magnetically operated devices 
are covered in the section on 
“Switches.” 

The basic magnetic contactor is 
magnetically operated by energiz- 
ing the operating coil to close the 
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BASIC CHANNELS — 
ie Shown actual size y) oe 


_ &cWhether you use it for raceways or 
2 ‘racks— suspension or supports — 
you'll find Power-Strut’s complete 
system of channel, spring clamp- = 
ing nuts, fittings and accessories © 


ideally suited to all of your hang- - Z 
ing or supporting jobs. aos 
ee for Free Catalog which ~ 


oe ate 
| 


me res 
a 


DIVISION VAN HUFFEL TUBE CORPORATES e ‘WARREN, 


Selecting A Magnetic Contactor 


1. Based on the type of load to be controlled, the stability of the system voltage, 
considerations of hum noise when magnetically held contactors are used, frequency of 
switching operations, desirability of low-voltage protection or low-voltage release, the 
first step in selecting a contactor is to decide upon either the magnetically held or 
mechanically held type. 

2. The operating voltage of the circuit to be controlled wil! determine the required 
voltage rating of the contactor. And the number of lines to be switched will deter- 
mine the number of poles in the contactor. 

3. The nature of the load—either non-inductive, such as incandescent, fluorescent 
or other type of lighting, or other resistive loads, or inductive, such as motor loads 
—will narrow the selection down to those contactors which have the necessary load- 
closing and load-interrupting current ratings. For tungsten-lamp loads the contactor 
must be able to handle the high inrush currents on closing; and for inductive loads, 
the device must be able to safely and effectively break the load. For mixed loads of 


lighting and motors, the contactor must be rated capable of breaking the locked-rotor, 


motor load in amperes plus the amperes of lighting load. 


4. The total current or horsepower rating of the load to be controlled indicates the — 


required size of contactor. 
5. Selection of the control voltage for the operating coil of the contactor must be 
made next. Standard control voltages are: 24, 120, 208, 240, 277, 480 and 550 
volts, and coils can be provided for any voltage regardless of the voltage of the 
switched circuit. If the control circuit voltage is the same as the phase-to-phase or 
phase-to-neutral voltage of the circuit being controlled by the contactor, the control 
circuit can be simply tapped from the line-side terminals of the contactor. If the 
voltage is different from the controlled circuit voltage, a control transformer will have 
to be added to the contactor to obtain the control voltage, with the transformer fed 
from the line side of the contactor. Or the control voltage, whatever its value is, 
might bé derived from a separate ac or de source and not from the controlled circuit. 
Safety considerations frequently dictate the use of lower control circuit voltages 
when the voltage of the controlled circuit is 440 or higher. But control circuits can be 
run safely at voltages up to 550 volts, and it should be remembered that the higher 
control voltages minimize voltage drop problems in the control circuit conductors to 
outlying pushbuttons or other pilot devices, often permitting necessarily long control 
circuits and smaller sizes of control wires. 
6. The proper enclosure must be selected for the contactor—an individual enclosure 
of suitable construction for the conditions at the place of installation, or a mounting 
space in a panel or switchboard. 


contacts and is magnetically held 
in position by maintaining cur- 
rent flow through the coil. The coil 
supply circuit is generally tapped 
from the line side of the magnetic 
switch itself. 

Magnetically held contactors are 
available for remote and automatic 
switching of ac and de load circuits. 


Standard units are made and rated 
for high inrush current conditions 
of switching tungsten filament 
lamps. They are also rated for 
heating loads and fluorescent light- 
ing loads, and, to the limit of their 
ability to break locked-rotor cur- 
rent, can be used to control motor 
loads when running overload pro- 


Magnetically Held Contactor 


() Maintained-contact 
Switch or automatic 
pilot control device—or 
Momentary -contact 
pushbutton used with 
ouxiliary holding contacts, 


a /tolding contacts for use 
with momentary pushbutton— 
connected across ‘start button 


Single operating coil 


This type of contactor is essentially a magnetic motor starter without the run- 


ning overload relays. 
tacts closed. 


The coil must be continually energized to hold the con- 
De-energizing the coil opens the contactor. 


Because it depends 


upon coil voltage to keep the contacts closed, this type of contactor can drop 
out if connected on a circuit where voltage fluctuations dip below the holding 


value of voltage for the coil. 


But this characteristic provides low-voltage release 


or low-voltage protection, depending upon the control circuit, for motors. 
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| 
tection is provided elsewhere. Typi- 
cal contactors of this type are made 
in a wide range of ratings up to 
about 1000 amps, one to four poles, 
to 600 volts. § 

A variation on the basic mag-, 
netic contactor is the mechanically | 
held contactor, in which the operat- | 
ing coil is momentarily energized | 
to close the contacts and momen- 
tarily energized to open the con- 
tacts, as shown for two different | 
types of mechanically held cons | 
tactors in an accompanying illus; | 
tration. During the time that the | 
contacts are closed or open, the coil. 
is not energized, and the contactor (| 
is held closed by some mechanical | 
means or by a permanent magnet 
arrangement. Because of the defi- | 
nite switch action—with mechani- _ 
cally maintained open and closed | 
positions—such a magnetic con- | 
tactor igs commonly distinguished ; 
from the magnetically held type by | 
calling it a “remote switch”; i.e., - 
a mechanical switch which can be | 
operated in remote places by means | 
of a long control arm (the control | 
circuit to the switch is the arm 
and the operating coil, in effect, is | 
the hand). 

As the name implies, a remote 
switch offers operation of the con- 
tact assembly from one or more 
distant control stations. In such 
applications the switch is placed 
in the circuit which it is to switch. | 
This may be in the middle of a . 
split-bus panelboard where the — 
switch controls one section of bus. — 
It may be adjacent to a panel, 
where the switch controls a branch — 
circuit or feeder from the panel. / 
Or it may be placed upon a column, ~ 
where it switches lighting circuits 
for, say, an industrial area. Then 
in each case, control conductors are 
run in cable or conduit from the 
switch enclosure to one or more 
control points at which pilot de- 
vices provide for operation of the 
remote switch. The pilot devices 
may be momentary pushbuttons, 
toggle switches or an automatic 
device like a time switch. 

The mechanically held contactor 
will not change its operating posi- 
tion—will not trip out—on voltage 
dips or failures, as magnetically 
held contactors will do. For this 
reason, it offers distinct advantage 
on circuits to lighting and other 
loads where conditions of voltage 
fluctuation, which do not hurt the 
load devices, would keep dropping 
out magnetically held contactors. 
Mechanically held contactors can 


| 
| 


Seon 


- «+ MAY, 1962 


on’t leak or smoke at end of life 


neral Electric Bonus Line Ballasts are designed to protect 
inst smoking, leaking, or any of the unpleasant conditions ies 
times occur when a ballast fails. 


integrated thermal protection cystem de-cuergizes the ballast 


manently when extreme temperatures—sometimes characteristic 
ballast end of life—are detected. Voltage or current surges will 
affect the system. The. cone is de-energized only when failure 
ready in progress. — 


The protective system consists of two non-resetting thermal pro- — 


tors, one located near the coils, the other inside the capacitor. 
yneed for external, individual ballast fusing. 


Specify General Electric’s Bonus Line Ballasts. They give many 


ars of reliable service before end of life. Then they bow out grace- 


you 
For a technical pacer on Palins therual protection, contact your 
neral Electric Ballast Sales Engineer. Or write to Section 403-04, 
neral Electric Company, Danville, Illinois. 


rademark, General Electric Company. 


| Progress k Our Most cent Product 


ELECTRIC 


NEW... another Added Value 
From Gonut Line Ballasts! 


Certain fluorescent fixtures equipped with 
General Electric Bonus Line Ballasts have 
recently been listed by Underwriters’ Labor- 
atory, Inc., as complying with National Elec- 
trical Code requirements for direct surface- 
mounting on combustible, low-density, 
cellulose fiberboard ceilings. Contact your 
G-E Ballast Sales Engineer for details. 


Mechanically Held Contactor 


TWO-COIL 
OR 
LATCHING TYPE 


Line 


Both the Close’and 
open switches ore 
momentary-contact 


type 


3-wire contro! circuit from 
contactor to contro/ switch 


Line 


SINGLE-COIL TYPE 
WITH 
LOCKING LINKAGES 


Momentary -contact 
or maintained -contact 
switches (toggle or 
pushbutton, or auto- 
matic device) may 


be used operation 


lose 


Typical Data for Operating Coils 


Load 


Main closing ond 
latching solenoid 


Unlatching solenoid 
to open the contactor 


Lood 


Single coll operates 
main contacts and 
auxiliary contact to 
break control circuit 
after main contacts 
open or close. Coll is 
energized only during 
opening or closing 


-wire control circuit trom 
contactor to contro! switch 


ig second coil is used to unlatch the contacts from|) 
energized the closed position. In another type, one coil|) 

moves the contacts closed and a second coilll) 
during moves them apart, with interlocking of the twoil)) 


i] 


coils and a mechanical “hold” for the contact: 
in either position. Still another type uses only 
one coil to open and close the contacts. 


operation 


sl 
1) 
Hl 


In- the atic held contactor, the contact} 
assembly is held in the closed position after) 
the closing coil is de-energized. To open the} 
contactor, the opening coil is momentarily ener- | 
gized to overcome the holding force and move } 
the contacts to the open position. Only momen- | 
iary coil energizing is required for either open- | 
ing or closing. During the time that the con- | 
tacts are closed or open, the coil is not ener- } 
gized; and the only time that electrical energy | 
is consumed is during opening or closing move-' 

ment of the contacts. | 


Contactor Current Ratings Up To 600 Volts 


NEMA Ampere Ratings of Low- 


voltage (600v) For AC Contactors Only, 
COIL CURRENT COIL CURRENT AC and DC Contactors at Not Over 250 Volts — 
NEMA | | COIL INRUSH NORMAL , 
CONTROLLER| COIL | VOLTS (Open Magnet) (Sealed Magnet) 
SIZE WATTS | 60-cycle —— 8-hour Open Ratings, Amperes 
AC Volt Volt Size of Tungsten-lamp-load 
Amperes | Amperes | Amperes | Amperes Contactor AC Contactors DC Contactors Rating, Amperes 
00 10 (9) Be 5 4 
24 8.00 1.02 0 20 (18) an 10 < 
110 1.70 0.22 1 30 (27) 25 15 9 
0&1 6.0 | 220 0.85 187 0.11 24.2 2 50 (45) 50 30 
440 0.42 0.055 3 100 (90) 100 60 
550 0.34 0.044 4 150 (135) 150 120 
See Serer 5 300 (270) 300 240 
110 4.4 - 55 6 600 (540) 600 480 
2 18.4 220 aa 484 .28 61.0 7 900 (810) 900 
440 Vet 14 8 1350 (1215) 1350 
550 0.88 : -112 9 2500 (2250) 2500 
110 8.7 .68 . . 
NOTE: The ampere ratings of enclosed low-voltage alternating- 
ae ¢ ae fe pte ooh. ne fo current contactors shall be 90% of the 8-hour open ratings, as 
550 174 14 given in parentheses above. 
: 3 The, 8-hour ampere ratings are used in selecting a contactor for 


The data given here is typical catalog information on the actual 
coil currents for one manufacturer’s contactors. Selection of a 
contactor always requires determination of the most effective 
coil circuit voltage. Reference to a table of this type facilitates 
evaluation of the operating coil in terms of the needs of the con- 
trol circuit. 


226 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... 


resistance heating, fluorescent lighting. 

For use with motor loads, contactors must be selected in aceon 
ance with hp ratings given in manufacturer’s literature. 

The reduced current ratings given above for tungsten loads are 
required by the very high (10-20 times) inrush current on connect- 
ing to cold tungsten filaments. 

Some manufacturers adhere closely to these values in rating 
their contactors. Other manufacturers have established specific 
values of current closing and current interrupting for their own 
particular contactors. Catalog data must be studied carefully to 
assume best application. Some catalog current ratings apply to 
either open or enclosed use, for tungsten and other non-inductive 
loads. No deratings are necessary. 
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.. . you can produce the most efficient rectangular beam patterns 
at the lowest cost with the SPREADLITER mercury vapor floodlight 


Efficient parabolic reflector design always gives higher light output 


than any other configuration. By taking the reflector directed light 
rays and bending them through prisms, the SPREADLITER 
produces rectangular beam spreads up to 164°. if your 
problem is to light an athletic field, parking lot, building 
or other large area, you'll be money ahead with 
SPREADLITERS. Write today for information. 


rectangular beam spreads up to 164° 


STEBER DIVISION THE PYLE-NATIONAL COMPANY 2700 ROOSEVELT ROAD 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. . MAY, 1962 


BROADVIEW, ILLINOIS 
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SAVINGS BY THE INCH 


_ Save 30 seconds per measurement 


with “INCH-MARKED’” ELECTRUNITE 
Electrical Metallic Tubing 


Time it. You'll find that it takes about 40 seconds on the average to pull arule 
out of your pocket, unfold the rule, lay it on a piece of tube, mark the tube, 
refold the rule, and put it back in your pocket. The same measurement 
takes only three seconds when the tube is Republic ELECTRUNITE E.M.T. 

The difference? ELECTRUNITE is marked from end to end in feet and 
inches—with “‘INCH-MARKS.” These marks eliminate the problem of a flat 
rule on a round tube. They help you make accurate stubs and even back 
to back bends without time-consuming trial and error fittings. You are 
assured lower installed cost on every job. 

ELECTRUNITE E.M.T. also has a “GUIDE-LINE” that runs the full 
length of the tube. Used with the Republic Bender, this line helps you keep 


bends in the same plane, save time and materials by avoiding ‘‘wows.”’ 


-_ = 


eae 
> ae ou! 


ELECTRUNITE’s exclusive features reduce costs, put extra profit in your 
electrical installations. Call your Republic representative today for proof 
or mail the coupon. 


ne cheat woot == 7 lay artes tra ce Cea Say 
- REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION + DEPT. A-3750 


212 EAST 131st STREET » CLEVELAND 8, OHIO 


REPUBLIC STEEL 


Cleveland 1, Ohio 


Please send me information on the installation advantages 
of ELECTRUNITE Electrical Metallic Tubing. 


Company. 
Compatibility and > 
strength characterize Ht Address 
raceways made of ¥, 
Cx Zone, 


| 
| 
| 
| 
| 
| 
| 
| Name 
| 
| 
| 
| 
| 
| 
| 
| 
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SELECTION: Magnetically Held 
vs Mechanically Held 


MAGNETICALLY HELD CONTACTORS provide 
effective remote switching control of 
power and lighting loads where stable 
circuit voltage will prevent objectionable 
low-voltage drop-out and where the inher- 
ent ac hum of continually energized coils 
will not be objectionable. They are par- 
ticularly applicable to controlling motor 
loads where running overload protection 
is not required or is provided elsewhere. 
In such use, the magnetically held con- 
tactor can be arranged for low-voltage 
protection or low-voltage release for the 
motor load. 

MECHANICALLY HELD CONTACTORS are 
best suited to use as remotely controlled 
safety switches. They are used for switch- 
ing feeders, branch circuits and individual 
loads—lighting, motor or other power 
loads. They offer particular advantage 
where frequent ON-OFF switching is de- 
sired from a remote location, or where a 
single contactor is to be controlled from 
a number of different remote locations. 
This type of contactor responds only to 
energy input to the coil, either closing or 
opening, and maintains the contacts in 
either the opened or closed position re- 
gardless of the voltage condition of the 
controlled circuit. This is highly desirable 
on many circuits used for automatic proc- 
essing where continuity of circuit con- 
nection must be maintained during 
voltage dips and power outages. Such con- 
tinuity of connection is also important 
where the contactor is controlling lighting 
on a system where severe voltage fluctua- 
tions would drop out a magnetically held 
contactor. 

A second important: advantage of the 
mechanically held contactor is the absence 
of ac magnetostriction hum of the operat- 
ing coil. Because the coil is only momen- 
tarily energized for opening or closing, 
the coil is not constantly carrying current 
while the contacts are in the closed posi- 
tion—as in the case of the magnetically 
held type. This suits the mechanically held 
contactor uniquely to application in quiet 
areas—schools, hospitals, office buildings, 
libraries—where very low ambient noise 
level would make even the slightest mag- 
netic hum objectionable. 


be used for handling power and 
lighting circuits or circuits of com- 
bination power and light loads, 
offering remote switching from one 
or more control stations. Of course, 
ratings must be checked for in- 
ductive and non-inductive loads. 
Standard contactors of this type 
are available for remote control of 
feeder connecting and disconnect- 
ing. Typical mechanically held con- 
tactors are made up to 1000 amps. 

To facilitate thorough control cir- 
cuit design, operating coil currents 
for closing and holding different 
sizes of contactors and the wattage 
ratings of various coils are given 
for selection of proper pilot device 
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Typical Features of Contactors 


PLASTIC MOLDED OR ENCAPSULATED operating coils for higher resistance to mechaniell i 
injury and dampness, with better heat transfer for cooler operation and longer life. — 


at 
Af 
220V 440V a 


EASY CHANGING OF COILS AND CONTACTS in the field. 
a4 


DOUBLE -BREAK CON- —— mal Ly 


TACTS for reduced arc ! fe 
erosion of contacts, 
providing better wear fa 


and longer life. 


DUAL-VOLTAGE COILS for use at either of 
the two voltages, e.g., 110 or 220 volts, 
220 or 440 volts, provide flexible applica- 
tion and reduce maintenance stocks. 


ee 
(ei 


VERTICAL. VERTICAL SLANTED- 

LIFT solenoid CONTACT pos- VERTICAL . con- 

has minimum ition shakes tacts provide 

friction dust off wiping action 
contacts 


PRESSURE TERMINALS FOR CONNECTION 
OF WIRES to contactor, to reduce wiring 
time by eliminating wire loops at ter- 
minals. Connection is made by simple 
insertion of wire ends under screw pres- 
sure. 


ASSEMBLY MOUNTS IN ANY POSITION for any layouts in panelboards. 


STRAIGHT-THROUGH WIRING, with line terminals on top and load terminals at bottom, 
to avoid training wires in gutter. 


VARIETY OF ENCLOSURES—general-use, watertight, hazardous locations, etc. 


Small handle for 


MANUAL OPERATOR on contactor for local manual operation 


or emergency operation of contacts. 


FUSE CLIP ON CONTACTOR for ready pro- 
vision of overcurrent protection for con- 
trol circuit. 


WRAP-AROUND COVER ON ENCLOSURE to 
provide maximum working room in wiring 
of the contactor terminals. 


Cover 
En Eneneeemmeeeeeeeeeeeeeemeeeeeeeaeeeaeeeaeaaaaaaaaaeaaaaaasaaaaaaaaaaaaamaaaaaamamammaamasacasasamcall 


The transformer secondary must be 
rated to provide the desired con- 
trol circuit voltage to match the 
voltage of the controller operating 
coil. The continuous secondary- 
current rating of the transformer 
must be sufficient for the magnetiz- 
ing current of the operating coil 
and must also be able to handle the 
inrush current. Of course, if any 
other devices are to be energized 
from the transformer, additional 
capacity must be provided. 


ratings, as shown in an accompany- 
ing illustration. The operating coil 
circuit may be energized at the line 
voltage of the switched supply or 
through a control transformer. 
Selection of the proper control 
transformer for a controller is a 
simple matter of matching the char- 
acteristics of the control circuit to 
the specs of the transformer. The 
line voltage of. the supply to the 
motor determines the required pri- 
mary rating of the transformer. 
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| Storage batteries are recom- 
ended for three basic types of ap- 
ications: (1) to supply power 
|here direct connection to normal 
‘tility service is impractical such 
‘son industrial trucks or portable 
ighting; (2) as an emergency 
\Dwer source when normal power is 
jiterrupted; (3) to provide special 
oltage and current characteristics 
oy laboratory work, meter calibra- 
‘on and similar applications. 

| Types of storage batteries avail- 
/ble include: lead-acid, nickel-iron- 
\[Kaline, and nickel-cadmium. All 
|perate on the same general prin- 
\iple, but differ in characteristics. 
lowever, because battery charac- 
jaristics may vary widely depend- 
lag on specific construction fea- 
jares, application, and other fac- 
jors, it is recommended that final 
jelection be based on specific bat- 
ery models, 

| For example, lead-acid batteries 
‘re popularly used for industrial 
jrucks and as an emergency power 
jource because they are moderately 
‘riced, have high efficiency (85% 
0 90%), are small and have short 
echarging cycles. 

|| Nickel-iron-alkaline batteries are 
‘sed in the same applications-when 
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SINGLE-STACK 
CONNECTIONS 


REMARKS 


Suitable for low-power applica- 
tions. Circuit has poor efficiency 
(25-30%) and high de ripple 
(about 121%). 


Suitable for low-voltage, high- 


BES POWER SOURCES 


other characteristics are desired. 
As an example, they are rugged, 
have a long life and may be stored 
for long periods. 

Nickel-cadmium batteries are 
particularly useful for application 
in temperature extremes. They are 
reputed to have been successfully 
operated at temperatures from —40 
to +163 F. In addition, they have 
long life and low internal resistance 

Important factors to consider 
when selecting a battery include: 
physical use (portable or station- 
ary); type of container (rubber, 
glass, plastic) ; number of cells to 
obtain desired voltage (for nickel- 
cadmium and_ nickel-iron-alkaline 
cells, voltage is about 1.3 volts per 
cell; for lead-acid, voltage is about 
2.1 volts/cell) ; amp-hr capacity. 

Where space is limited, a silver- 
zine or silver-cadmium battery can 
be selected. This type has a much 
higher output per unit than other 
batteries of equal size. 

Rectifiers are widely used to 
change ac to de in many industrial 
applications such as: battery charg- 
ing; electroplating; arc welding; 
powering machine tools, crane and 
hoist motors; and synchronous mo- 


_tor excitation. 


SINGLE-STACK 
CONNECTIONS 


LEAD-ACID STORAGE BATTERIES sup- 
ply auxiliary 125-volt control power for 
circuit breakers installed in process plant. 
Provided with glass containers, this type 
of battery is often selected for other sta- 
tionary power-supply applications such as 


for telephone and railway signaling, 
alarm and emergency lighting purposes. 


In general, rectifiers enjoy exten- 
sive use because they are flexible, 
easy to install, are efficient, and 
maintenance is simple. 

Important selection considera- 
tions include: voltage rating, cur- 
rent rating, forward voltage drop, 
regeneration protection, maximum 
ac input voltage, life expectancy, 
dimensions, and cooling require- 
ments. 

Because operating principles and 
applications of rectifiers vary ex- 
tensively, careful consideration 
should be given to characteristics 
of each type. 

Mechanical rectifiers operate on 
a principle similar to that of com- 
mutation on a direct-current gen- 


REMARKS 


Suitable for low-voltage, heavy- 
current applications. Provides 
high efficiency (85 to 90%); 
low ripple (about 4.2%). Re- 
quires center tap at each sec- 
ondary phase winding. 


current applications. Efficiency 
is 65-75%;-de ripple is about 
48%. 


Suitable for high-voltage (220 
or 440 volts de output). Does 
not require center-fap trans- 
former. Efficiency and ripple is 
similar to three-phase, center- 
fap circuit. 


Suitable for low-voltage, high- 
current applications. Does not 
fequire center-tap transformer. 
Efficiency and ripple similar to 
single-phase, center-tap circuit. 


+ 
+ 

: 
Color code: R—Red—Positive; @— Deane clack = Navara, Y— Yellow — A.C. 


/ELENIUM RECTIFIER connections are shown for single-stack units. Additional stacks may be connected in various ways to 
Ibtain higher voltage and current ratings. Large, multi-stack assemblies can provide up to 1000 amps at 125 volts 
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SILICON RECTIFIER is installed in par- 
allel with three mercury-arc rectifiers to 
supply dc power for a large steel mill. 
Silicon rectifier is rated 1000 kw, 4000 
amps at 250 volts. The three mercury- 
arc units are 1000-kw each. Silicon cells 
are mounted on busbars in lower section 
of panel. Top panel section houses cool- 
ing equipment. 


erator. That is, negative alterna- 
tions of the ac sine wave are in- 
verted by cam-controlled contacts 
producing a pulsating current. A 
commutating reactor modifies the 
ac wave so that the contacts can 
make or break without heavy arc- 
ing providing for long life contacts. 
The principal advantage of me- 
chanical rectifiers is that of very 
high efficiency (94% to 97%) over 
a broad range of loading and volt- 
age. Units are available with cur- 
rent ratings up to 10,000 amps at 
voltages between 50 and 600 volts. 
Selenium and copper-oxide recti- 
fier operation is based on the prin- 
cipal that a layer of selenium (or 
cuprous oxide), when placed on a 
disk of copper, will allow current 
to flow in one direction only. Indi- 
vidual disks or cells are connected 
in various ways to form stacks that 
provide a wide range of possible 
voltage and current ratings. 
Because selenium and copper- 
oxide rectifiers are comparatively 
light in weight, have no moving 
parts and need no special founda- 
tion, their installation costs are 
moderate. In addition, they are 
rugged, reliable, have long life and 
require practically no maintenance. 
Selenium rectifiers are available 
in a large number of ratings to 
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cover most applications. A new, 
small-sized high-density selenium 
rectifier, designed for low-voltage 
(26-32 volts) high-current applica- 
tions, can carry about 380 amps at 
40°C, and up to 948 amps in forced- 
cooled applications. Large floor- 
mounted units range up to 125 kw, 
delivering 1000 amps at 125 volts. 
Efficiencies of these rectifiers are 
about 80% for single-phase units; 
92% for 3-phase units. 

Silicon rectifiers consist of small 
semiconductor wafers, about the 
size of a quarter, that allow current 
flow in one direction only. A single 
cell may carry as much as 250 
amps; or many cells may be in- 
stalled in “package” units to handle 
very high currents. 

Silicon rectifiers have the inher- 
ent advantages of high reliability, 
negligible reverse losses even at 
high temperatures, and very high 
efficiency. Other advantages include 
comparatively low installation cost, 
small size and minimum mainte- 
nance. 

Particularly suited to applica- 
tions in the electrochemical indus- 
try, a packaged silicon rectifier can 
deliver 60,000 amps at 150 volts for 
a copper production installation. 
Designed to provide de power for 
vacuum arc furnaces, submerged 
arc welding, and anodizing and 
plating, a new compact unit can de- 
liver up to 3000 amps at 40 volts. 
Silicon rectifier stacks are available 


i 
Basic Types of Alternating Current Generators 


San through slip rings and brushes. This method is used : 
machines up to 25 kva at frequencies up to 120 cycle 
AC output a 
REVOLVING-FIELD alternator is most commonly ust 
AC for 60 cycle generation; can be used for frequencies-U 
output to about 1000 cycles. This type can be constructed f 
high kva capacity. 7 
DC excitation 4 
INDUCTION FREQUENCY CHANGER is essentiall 
a wound-rotor motor driven in opposite rotation. Che ng 
AC ing the speed of rotati ill id 
input g p ation will provide various voltage 


AC output 


a 
HIGH-FREQUENCY INDUCTOR ALTERNATOR i 
DC used for generation of frequencies ranging from 400 fe 
AC output excitation 10,000 cycles. The revolving element is a notched cor 
without windings. This type is available in ratings up 
Sw Oe to 500 kw. 


-applications in the electrochemi 
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for use at voltages up to 1500 volt}} 

When many cells are connected |} 
parallel to deliver high current) 
special transformer taps or balan} 
ing reactors are incorporated to al 
sure proper current division. yy 
addition, high-current  rectifi¢ 
units require cooling, which is pri 
vided for by forcing air over CoG) 
ing fins mounted on the silicon cell 
or by incorporating water-coole 
bus sections with the cells mount 
directly on the bus. wy 

Germanium rectifiers find maz 


industries. Characteristics and 
vantages are similar to silicon r 
tifiers; however, germanium uni 
are more suitable for low-voltag 
operation and have lower temper} 
ture ratings. ay 
Germanium rectifiers are availl} 
ble with various current ratings 
voltages up to about 200 volts. Fi 
a plating process, a typical unit jj 
rated, 10,000 amps at 12 volts. | 
Mercury arc rectifiers operate ¢ 
the principle that a mercury ari) 
when operating in a high vacuur 
will pass current in one directiq) 
only. The glass tube type, used | 
applications up to about 50 kw, 
incorporate dual anodes to perm | 
full-wave rectification. 
The ignitron is a more rugge 
metallic-envelope type and is capi 
ble of handling high currents ¢ 
high voltages. Various types (i 
ignitrons are available. Some ma 


| 


REVOLVING-ARMATURE alternator has de excita’ 
connected to stator; AC voltage is taken from armatu, 


and frequencies. These units can be used for opelieg 
tions up to about 500 cycles. 


| just slip in place 


Westinghouse Plug-In 
‘Low Impedance Bus Duct 
cuts installation costs 


Exclusive Westinghouse factory-installed captive hard- 
ware eliminates the time-consuming alignment of 
joints; threading and fastening of loose hardware. Just e 
slip together and tighten from either side for a high Westinghouse 
strength, low power loss connection. Its lighter weight 
and small size (up to 33% smaller than other makes) 
contribute to easier handling especially on limited- 
space jobs. In one actual installation, studied by 
S. M. Dix and Associates of Grand Rapids, Michigan, 
two men installed a complete section of Westinghouse 
duct in less than eight minutes! Installed cost is the 
important cost, and no other plug-in low impedance 
bus duct can be installed faster than Westinghouse. 
In ratings of 600 to 4000 amperes, this duct is avail- 
\ able with copper or aluminum conductors and a com- 
plete line of fittings, hangers, and plug-in units. For 
further information contact your Westinghouse repre- 
sentative; or write, Westinghouse Electric Corpora- 
tion, Standard Control Division, Beaver, Pa. You can 
be sure... vf is Westinghouse. J-30340 
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PARACRIL OZO COVERS MOLDED BY CENTRAL RUBBER Cu,, seL_VIVERE, ILLe |i 


Safety, safety, safety! 


Here’s safety in a droplight 

such as you've never seen 
before...safety in appearance, safety in material, safety 
in design. 

This new and patented LoVOLT droplight and 
extension cord by Daniel Woodhead Company” has its 
own built-in transformer to reduce line voltage to a safe 
6 volts at the outlet end, eliminating danger of serious 
shock even under hazardous working conditions. 

Molded paracriL®-0zo covers form a watertight 
shield to protect the transformer and light socket units 
under the severest use conditions... gives the finest 


possible protection against cutting, gouging, abrasion, 
weather, and the attack of ozone, oils, fats, acids, and © 
other chemicals. 

And PpARACRIL-0ZO’s exceptional color retention 
allows a bright yellow cover that won't fade or darken, 
keeps these units visible even in close-to-total darkness. 

Next time you need a rubber that’s outstanding for 
its combination of toughness, color retention, and — 
resistance to weather, oils, and chemicals, take a look at ~ 
PARACRIL-OZO. You'll soon see why so many manufac- 
turers have begun to enjoy the unique selling advan- 
tage only PARACRIL-OZO offers. * Chicago, Ill. 


ae Naugatuck Chemical 


MAUGATUCR 


td Division of United States Rubber Company....Dept. 534 PA Elm Street, Naugatuck, Conn. RUBBER 


DIST. OFFICES: Akron - Boston - Chicago « Gastonia - Los Angeles - Memphis - New York - Phila. - CANADA: Naugatuck Chemicals, Elmira, Ont. - CABLE: Rubexport, N.Y. — 
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be of single-anode construction for 
juse as a high-current contactor; 
j\others may be furnished with 6, 12 
‘or 18 anodes for multiphase rectifi- 
‘cation. 

| Sealed-tube ignitrons, ranging in 
Wize from about 3- to 8-in. diameter, 


‘are commonly used for installations 


j Typical applica- 
tions include powering dc motors in 
‘industrial plants, power supplies 
| for speed regulators, and electronic 
j.exciters for large turbine genera- 


 steel-tank, pumped ignitron rectifier 
| may be selected. This type requires 
(auxiliary vacuum-pumping equip- 
‘ment for satisfactory operation. 
| Ratings may be extremely high..In 
| an aluminum reduction installation, 
a pumped ignitron assembly sup- 
plies over 100,000 amps at 850 volts. 
|, Recently, a pumpless ignitron 
“rectifier was made available for 
high-power applications ranging 
‘from 750 kw, 250 volts to 5000 kw 
| at 850 volts and above. 

- Practically all ignitron rectifiers 
| require water-cooling systems, exci- 
_tation contro] and anode protection 
f equipment. 

' Main advantages gained by use 
of ignitron rectifiers include a high 
_ efficiency (90% to 95%) over en- 
(tire range of loading, unattended 
operation, high overload capacity, 
noiseless and vibrationless opera- 
tion, comparatively low weight, and 
negligible maintenance. 


i 


Thyratron rectifiers are-gas-filled- 


electronic tubes (glass or metal) 
which permit current flow from 
'eathode to anode only. In contrast 
to other gas-filled rectifiers, they 
are furnished with a grid to control 
firing of the are current flow. They 
feature highly efficient operation. 
Basically a low-power device, the 
thyratron rectifier is often selected 
‘for control applications such as 
‘regulators for alternator fields, 
lamp dimming and motor speed con- 
trollers. 

Generators, both ac and de, are 
often the most advantageous and 
economical source of auxiliary 
power. Selection of a generator de- 
pends on various factors concern- 
ing its application but for most 
effective utilization the following 
pertinent factors should be con- 
sidered: type of application; type 
of machine, de shunt or compound, 
or ac synchronous alternator; type 


BS 


ROTARY CONVERTER, rated 300 kw, 
supplies 250 volts de for elevator motors, 
machine-tool drives and for excitation of 
synchronous motors. Alternating current 
enters converter through siip rings at 
one end of the armature; direct current 
is delivered through a commutator and 
brushes at the other. 


of driver, engine or motor; kilo- 
watt, voltage, speed, phase, fre- 
quency and temperature ratings; 
voltage regulation; parallel opera- 
tion; reliability and starting re- 
quirements; efficiency desired; cost 
and special features. 

In addition, a number of mechan- 
ical features should be considered 
such as type of enclosure—drip- 
proof, splash-proof, etc.; number 
and type of bearings; coupling; 
brush rigging; type of insulation; 
frame size and mounting. 

Direct-current generators may be 
generally classified according to the 
manner in which their field wind- 
ings are connected, series, shunt, or 
compound. When the generator 


NORMAL OPERATION 
POWER FROM AC SOURCE 


Vital AC 
equipment 


Line 
contactor 


Synchronous 
AC machine 


Power 


Diverter-pole 


machine ao) 

; 7 DC 
control 

Control-bus — bus load 

battery = 


DC GENERATOR, rated at 600 kw, 600 
volts, supplies armature voltage to roll- 
ing-mill de motors. Direct-current m-g 
sets provide the advantages of reliability 
and proven long life. Because synchro- 
nous motors can operate with a leading 
power factor, an 875-hp synchronous 
motor was selected to drive generator. 


field is connected in series with the 
armature winding, it is called a 
series generator. This type is not 
often used except in conjunction 
with other generators or batteries. 

A shunt generator has its field 
connected in parallel with the arma- 
ture. This type is well suited for 
low-voltage electrolytic work with 
the shunt field separately excited. 

The compound generator has 
both a series field and a shunt field. 
This type provides good voltage 
regulation and is often selected for 
power and lighting and may be of 
2-wire or 3-wire design. Two-wire 
generators are usually wound to 
provide 125 volts; For dual-voltage 
supply, 3-wire generators provide 


EMERGENCY OPERATION 
POWER FROM BATTERY 


Line i Vital AC 
contactor equipment 
Synchronous 
AC machine 


Diver ter-pole 


Power 


machine (0c) 
a DC 
control 
Control-bus _— bus load 
battery = 


EMERGENCY POWER may be obtained via a fuel-powered engine cr by a special 


motor-generator set as shown above. 


System shown provides continuous power for 


essential operations such as computer installations or telemetering and supervisory 
systems. Under normal conditions, the ac moter drives the dc generator which float- 
charges batteries and supplies the dc control bus. If the ac power fails, the batteries 
supply power to the dc bus and de generator which now acts as a motor. The ac 
machine, after proper field excitation, performs as a generator to supply emergency 
ac power. Special relays and regulators are required for proper operation. 
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For example, a visitor in a typical Electromode elec- 
trically heated industrial plant might observe: 


IN THE GUARD HOUSE... 

THE ELECTROMODE PORTABLE-SUSPENSION 
HEATER. Compact, efficient, designed to » keep 
-employees comfortable in high heat-loss areas. 


A WARM RECEPTION... 

. .. is accorded every visitor when the reception office is 
uniformly warmed by an ELECTROMODE RE- 
CESSED WALL DOWN-FLO HEATER. “HE’LL 
SEE YOU NOW, SIR.” 


Notice the hall as you walk to his office. None of the 
‘PORTABLE SUSPENSION usual chilly floor-level draft with an ELECTROMODE 
HEATER COMMERCIAL DOWN-FLO HEATER on the job. 


INSIDE THE PRIVATE OFFICE... 


. . . decisions are made in modern comfort. Efficient 
s ELECTROMODE BASEBOARD HEATERS create 
the perfect climate for executive planning. 


was DOWN THE HALL... 


Low LEVEL BASEBOARD . .. in the spacious General Office, temperature control 
HEATER means comfortable, productive employees. Nothing 
does the job as well as ELECTROMODE COM- 

MERCIAL CONVECTOR HEATERS. 


TO THE PLANT... 


. .. where Electromode 1410 Suspension heaters provide 
comfortable, directed heat. Being suspended, they 
circulate heat evenly around floor-level obstructions, 
and free valuable floor space for more productive use. 


SPECIAL PROBLEM? 


Working with volatile chemicals or gases? Perfectly 
controlled heat from an ELECTROMODE EXPLO- 
_ SION-PROOF HEATER makes work safe in hazardous 
1410 SUSPENSION HEATER locations. 


FOR MAINTENANCE CREWS... 


... working all around the plant, an ELECTROMODE 
PORTABLE HEATER in any desired capacity, keeps 
them warm when exposed to cold area jobs. 


ON SHIPPING DOCKS... 


QUARTZONE HEATERS keep the crew happy and 
healthy without heating all outdoors. Projects infra- 
red rays to warm people within the area regardless of 
air temperature. 


bf . This is only a representative sample of the complete 
PORTABLE HEATER _ line of ELECTROMODE heaters and heating sytems. 
: Over 400 in all, units to meet every application for 

home, farm, commercial and industrial heating. 


QUARTZONE HEATER 
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. where exposure is greatest, KLECTROMODE> 


WALL MOUNTED = 
DOWN-FLO HEATER 


“> 
~~ 


DOWN-FLO HEATER 


COMMERCIAL CONVECTOR 
HEATER 4 


EXPLOSION-PROOF 
HEATER 


Heating contractors and engineers must supply the answers to many unusual heating 
problems; but that’s not difficult for those who have learned that ELECTROMODE 


manufactures the solution to every heating problem. Over thirty years of aggressive 


leadership and, progressive achievement has kept ELECTROMODE setting the 


pace . . .. not just keeping up with it. There is an ELECTROMODE HEATER 
designed to heat ANY area under, ANY condition. 


These men are ELECTROMODE 
engineers, experts whose expe- 
rience extends into the most 
complex and technical areas of 
electric heating. Working in com- 
bination with the latest facilities 
for test and development, they 
represent a major force in the 
continued growth of the electric 
heating industry. The new Unit 
Heater Blower illustrated below 
is the most recent example of 
their progress. With adjustable 
louvers and automatic controls, it ~~ 
is compactly designed to dis- 
tribute heat more uniformly and 
efficiently than any of its com- 
petitors. The fact is, for over 


thirty years Electromode men UNIT HEATER BLOWER 
have consistently found the right 


answers FIRST. It makes sense to 
specify ELECTROMODE .. . the 
electric heating specialists. 


, Electromode Dept. ECM-52 


Division of Commercial Controls Corporation ROCHESTER 3, N. Y. 
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Series 
i= saB shyt 
Source 2= a ney 
bushing 3— 
49 Raise Reversing 
S S—= 5 switch 
Neutral [= Lower. 
contact : Giza Control current 
ey transformer 
a Load 
LZ bushing 
Bridging : {. 
Source reactor = 
Shunt : Potential 
winding = winding one 
Sy t 
= To control 


SL“ source-load bushing 


POWER CIRCUIT SCHEMATIC 


STEP LOAD-RATIO voltage-regulator power diagram shows operating prin- 
ciples. The movable center contact has dual contact fingers and a bridging 
reactor which permit tap changes without interrupting current flow. As the 
center unit rotates to correct voltage variation, the dual fingers will be on 
the same stationary contact, or one of them will be on each of two adjacent 


stationary contacts. 


Thus the circuit is never broken. 


This arrangement 


provides 16 separate positions or 32 steps for voltage raise or lower. 


125/250 volts and are usually flat- 
or over-compound wound to provide 
good voltage regulation. 

A special generator, called a 
diverter-pole generator, has excel- 
lent voltage regulation and is par- 
ticularly suited for battery charg- 
ing. 

The rotary convertor is a highly 
efficient rotating machine capable 
of delivering large amounts of 
direct-current power. It is actually 
a combination synchronous motor 
and de generator on one shaft. 
Alternating current enters through 
slip rings at one end of the arma- 
ture; direct current is delivered 
through a commutator and a set of 
brushes at the other. Rotary con- ° 
verters are selected for many dc ap- 
plications such as electrolytic and 
electroplating processes, supply for 
de motors, and aluminum produc- 
tion. 

Motor-generator sets are often 
selected as a de power source be- 
cause they are rugged, reliable and 
have a proven long life. They are 
particularly advantageous when 
equipped with a synchronous motor 
to correct low power factor. Main 
disadvantages are that they require 
regular maintenance and that their 
efficiency drops off considerably at 
light loadings. 

AC generators are used exten- 
sively for auxiliary power supply in 
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case of normal service failure; and 
for generation of high-frequency 
power for lighting, process heating 
or other industrial applications. 

When selecting a generator for 
any one of many possible applica- 
tions, the generator selection fac- 
tors mentioned earlier should be 
considered. Moreover, when the 
generator is to be used as an emer- 
gency power supply, careful con- 
sideration must be given to the 
type of driving power, which is 
usually a fuel-powered engine. 

Engines may be gasoline, natural 
gas, bottled gas, steam or diesel 
ranging from low-rated hp sizes 
to several hundred hp. Control] may 
be obtained manually, remotely or 
automatically. Auxiliary equipment 
includes starting batteries for 
larger units; control panels, relays 
and transfer switches for auto- 
matic transfer of power. Some 
units are stationary; others are 
portable. a 

Important engine selection con- 
siderations include: _ reliability, 
capacity matched to loading, start- 
ing ability, location, foundation, 
cooling requirements, and fuel stor- 
age. 

To supply high-frequency power 
for high-cycle lighting, induction 
heating, high-speed motors and the 
like, high-frequency motor-genera- 
tor sets and static frequency con- 
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verters are utilized. When it is es# 
sential that output frequency b 
accurate, the m-g set drive moto: 
should be the synchronous type be 
cause synchronous motors hay 
stable speed regulation and outpw 
frequency depends on generato} 
rotor speed. When an induct 
motor is used as a prime mover, thi 
generator output frequency wi 
vary 2% to 4%. 

High-frequency m-g sets can bh 
obtained to supply output frequen 
cies ranging from 80 to 10,000 
cycles. Power ratings range up 
500_kw at standard voltages. (i 

Static frequency converters use 
mercury-are rectifying devices im 
special circuits to supply high-fre- 
quency, high-power loads such as 
those encountered in induction 
heating. 

Another static type, designed ex: 
pressly for high-cycle lighting, con- 
sists basically of saturating trans: 
formers, capacitors and dr y 
rectifiers. Outputs are rated ap 
proximately 25 amps, 700 volts at 
360 cycles. j 

Phase conversion may be ac- 
complished by rotating machines or 
static phase converters that utiliz a 
transformers and capacitors in 2 
special circuit. These units allow 
operation of 3-phase motors from 
a single-phase supply. Various 
types are available for interchange 
able operation of single-phase, 2- 
phase and 8-phase equipment. 

Voltage regulators, when in- 
stalled in an electrial circuit, im- 
prove efficiency and stabilize volt- 
age and other circuit characteristics 
to meet specific requirements. Volt- 
age regulators in use today include 
the induction type, step load-ratio 
type, the constant-voltage trans- 
former, the saturable reactor, ‘anil 
a new autotransformer type. 

Selection of the particular type 
that best meets a specific applica- 
tion depends on the basic circuit 
considerations (percent regulation 
required, magnitude and variation 
of input voltage, kva and the like). 
Other important considerations in- 
clude location (indoors, outdoors, or 
pole-mounted) ; ambient tempera- 
ture; size and weight; overload 
capacity; waveform; auxiliary de- 
vices and equipment; and cost. 

The induction type operates on 
the principle of transformer action 
of a rotating secondary coil which 
adds or subtracts to the line volt- 
age as required. This type is avail- 
able for single-phase operation at 
ratings up to 240 kva and at stand- 
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Friday and 10,000 miles from home 


CADWELD Field Service and Engineering are now available 
anywhere in the world. Stocking Distributors assist construction 
crews from initial plant layout to job completion on CADWELD 
Electrical Connections. 

Grounding, Cathodic Protection, Lightning Protection, High Current 
Power cable or bus bar connections are all typical applications 
used world-wide. 

CADWELD,ELECTRICAL CONNECTIONS 


Erico Products, Inc. 
2070 E. 6ist Place + Cleveland 3, Ohio 
IN CANADA: contact ERICO INCORPORATED, 7 Superior Ave., Toronto 14, Ontario, Canada 


Distributed in EUROPE by EL-CONwN.V.. Pr. Mariestraat 9, The Hague, Holland 


ais anaes 
ooo 


ard voltages up to 7500 volts. Many 
units provide plus or minus 1% 
voltage regulation. For 3-phase ap- 
plications, units are rated up to 500 
kva and can be used at voltages up 
to 13 kv. 

The step load-ratio type regulates 
voltage through a _ tap-changing 
mechanism that may be manually 
or automatically controlled. Stand- 
ard ratings are similar to those for 
the induction regulator; however, 
the step regulator is more suitable 
for higher voltage and kva ratings. 
Typical ratings range up to 2500 
kva and up to 69 kv. 

For small loads up to about 10 
kva, constant-voltage transformers 
can provide plus or minus 1% volt- 
age regulation. The waveform out- 
put of this type is often distorted; 
however, filters can be added to im- 
prove this. 

Saturable reactor units are often 
used as voltage regulators for 
process control. Power ratings 
range up to 1000 kva, single phase; 
3000 kva, 3-phase. They can be used 
on voltages up to 15,000 volts. This 
type requires a separate de supply. 

A new autotransformer type uses 
parallel banks of motor-driven var- 
iable autotransformers which excite 
“buck or boost” transformers. This 
type does not affect waveform or 
power factor. Other advantages are 
that it can regulate voltage to 1%, 
is comparatively light:and can be 


Selection considerations relating 


to poles, crossarms, insulators, an- 


chors, and hardware are as follows: 
Wood poles are usually selected 
for low- and medium-voltage dis- 


tribution systems because they have’ 


strength, are comparatively light, 
have durability, and are abundant 
at moderate.cost. When long life 
and appearance are important, steel 
or concrete poles can be used. 
Wood -pole specifications have 
been standardized by the American 
Standards Association. The stand- 
ard specifies that all poles be free 
of cross breaks, sap rot, bird holes, 
plugged holes, damage from marine 
borers, and similar defects. 
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Parallel variable 
autotransformers 


3-PHASE INPUT 


| 
Linkage to each —__1 
autotransformer 


| 
Motor drive 
assembly 


Buck or boost" 
transformer 
({ per phase ) 


transformer 


3- PHASE REGULATED OUTPUT 


Electronic 
sensing control 


VARIABLE-AUTOTRANSFORMER voltage-regulator circuit arrangement is 


shown in diagram. 


When a voltage deviation occurs, the sensing trans- 


former sends a signal to the electronic controller which operates the motor- 
drive assembly. Linked to the motor assembly, banks of paralleled variable 
autotransformers supply a compensating voltage to the exciting windings 
of “‘buck or boost’’ transformers, which then add or subtract to the line 


voltage as needed. 


constructed for high kva ratings. 

Power capacitors are used in 
electrical systems to correct power 
factor and to reduce voltage drop. 
Because the most effective location 
to install capacitors is near the load, 
low-voltage units (230, 460, and 575 
volts) are available rated from 
about 0.5 kvar to 25 kvar. 

For high-voltage applications, 


primary capacitors may be installed 
in outdoor enclosures, open racks or 
atop poles. Standard ratings are 
15, 25, and 50 kvar at voltages 
ranging from 2.4 to 13.8 kv. 

When connected in banks, power 
capacitors can supply large blocks 
of reactive power. These units are 
available in dust-tight and water- 
tight forms. 


LINE EQUIPMENT 


Certain defects are permitted in- 
cluding: checks and splits in butts, 
insect damage, knots, defective 
butts due to splinter-pulling in 
felling the tree, slight curvature of 
the pole along its length. 

Pole classifications are, based on 
the circumference at the top of the 
pole and the circumference at a 
point 6 ft from the butt. There are 
ten classes designated Class 1 
through Class 10. For each class, 
circumference specifications depend 
on the length of the pole and type 
wood. 

Coded identification is generally 
required on wood poles. Hither 
branded or stamped on the wood, 


the code indicates type of wood, 
type of preservative, class number 
and pole length. In addition, code 
numbers may be present designat- 
ing supplier and year of treatment. 

Size of the pole selected depends 
on a.number of various factors. 
These include: municipal ordi- 
nances, interference from trees, 
clearances required over highways, 
sidewalks and railroads, and num- 
ber of wires and crossarms to be 
installed. 

Crossarms most generally used 
are made of treated yellow pine or 
Douglas fir. Typical crossarms will 
vary between 4 ft and 10 ft in 
length with various cross sections 
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No jacket on these thermosetting-insulated unshielded 
power cables, 600 volts or 5 kv, is just one of the 
features of General Electric’s new line of Vulkene 
insulated power cables. There are-plenty more. 


Vulkene is a new thermosetting insulation devel- 
oped by General Electric in its search for an ideal 
general-purpose insulation that would have the best 
properties of both butyl rubber and polyethylene. 


They found the answer in Vulkene—a _ cross- 
linked polyethylene for which they were able to 
develop a precise method of compounding, process- 
ing, and extruding that produced the proper balance 
of properties needed in a superior cable insulation. 
It is this unique balance that differentiates Vulkene 
from ordinary cross-linked polyethylene. 


_ IN VULKENE—THE BEST OF TWO 


Years of testing in the laboratory and in actual use, 
have proved that Vulkene combines the excellent 


* Registered Trade-mark General Electric Company 


Progress /s Our Most Important Product 


GENERAL @ ELECTRIC 


FOR THE FIRST TIME! 


heat stability of rubber with the excellent electrical 
properties of polyethylene. That’s why we are sure 
that whether you choose Vulkene power, aerial, or 
interlocked armor cable, you will get: 
e Longer service life 
e Greater current-carrying capacity 
e Low electrical losses 
e Easy handling because cables are smaller 
in diameter . . . lighter in weight 
e A choice suitable for a wide variety of applica- 
tions and for every type of environment 
e¢ More value from your cable dollar 


We would like to send you test data, specifications, 
and other information on these cables so that you 
can compare the properties of Vulkene insulated 
power cables with other types available and see why 
we say that General Electric Vulkene insulated 
power cables obsolete all others. Just fill in and 
mail the coupon below. 


General Electric Company 
Wire and Cable Department, Section 60105-16 
Bridgeport 2, Conn. 


eee Send me your brochure on Vulkene Insulated Power Cables. 
._....| would like a free cable sample. 
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TABLE 1—GENERAL CLASSIFICATION OF WOOD POLES 


CLASS 


Minimum Top Circumference 


47Y2| 442 


4) 38% 


40 37a} 35 


4’, 


352 


30% 


381A! 


35} 33 


33 30Ya} 282] 262 No 
Butt 


Requirements 


WOOD POLES are divided into Classes 1 through 10. Each class has a minimum 


circumference measured at the top of the pole as shown in Table 1. 


Different types 


of poles must meet minimum circumference requirements 6 ft from the butt end to 


qualify for a specific class designation. 


Requirements for a specific class also depend 


on length of the pole. Table 2 shows requirements for 30-ft poles. 


ranging from 3? in. square up to 
4 by 6 in. Size of the crossarm de- 
pends on conductor spacing and 
number of insulating pins to be 
mounted on the crossarm. To in- 
crease their useful.life, crossarms 
are usually seasoned for at least 
three months and painted, or 
treated with a preservative, often 
creosote or pentachlorophenol. 


To facilitate identification, cross- 
arms may be marked or branded 
with code numbers which indicate 
whether the crossarm has received 
preservative treatment, or type of 
treatment applied, name of sup- 
plier, and year of manufacture. 

In addition to wood crossarms, 
galvanized steel angle crossarms are 
also used on wood poles to obtain 


Soil Classification Data 


Solid Bed Rock 


DESCRIPTION OF SOIL 


Gravel, Compact Gravel and Sand; Claypan 
Medium-Firm Clay; Loose Sand and Gravel; Compact Coarse Sand 


Soft-Plastic Clay; Loose Coarse Sand; Clayey Silt; Compact Fine Sand 


em 
Laminated Rock; Slate; Schist; Sandstone 


Shale; Broken Bed Rock; Hardpan; Compact Clay-Gravel Mixtures 


Fill; Loose Fine Sand; Wet Clays; Silt 


Swamp; Marsh; Saturated Silt; Humus 


* Includes areas only seasonally wet with slow drain as in fairly flat terrain. 
** Install anchors deep enough, by the use of extensions, to penetrate a Class 5, 6, or 


7 underlying ihe Class 8 Soil. 


SOILS have been classified to facilitate effective selection of anchors. 
Holding power of an anchor depends both upon its size and viscosity of 


the soil in which it is installed. 
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greater strength for supporting 
conductors. 4 

Insulators of various types and 
sizes are-used on pole assemblies to 
support conductors. Materials most} 
commonly used for insulators are 
glass, porcelain or special com- 
pounds. Selection of an insulator’ 
of a particular material depends on 
various factors including voltage 7 
rating, dry and wet flashover val- 
ues, puncture strength, mechanical] 
strength, dimensions, and ability to 7 
withstand thermal shocks. For low- 
voltage applications, glass pin-type| 
insulators can be selected. Porce-) 
lain insulators are better suited for” 
high-voltage applications. a 

Common types of insulators | 
available include: pin type, suspen-~ 
sion type, strain type, and spool 
type. And within each group in P 
are many variations. 

Pin-type insulators, made ofl 
either glass or porcelain are fur- © 
nished with a threaded hole through ~ 
their centers to accept a mounting 
pin. The mounting pin is threaded ~ 
on one end and may be made of / 
either metal or wood. Recent trends — 
favor the metal pin. Pin-type insu-— 
lators are rarely used on voltages 
over 69 kv; however, modern units’ 
are available for use up to 188 kv. 

Suspension-type insulators are © 
used almost exclusively for high- | 
voltage applications. Suspended 
from the bottom of the crossarm in- 4 
stead of mounted on top, this type 
can support heavy conductors over 
long spans. 

These insulators are usually made 
of porcelain; however, a heat-resist- 
ant glass type is available with a 
reported very high tensile strength. 
Ultimate strength of porcelain in- 
sulators ranges from 10,000 to 17,- 
000 Ib. 

In application, a number of these 
insulators may be arranged in a 
string to support high voltages. 

Spool-type insulators are widely 
used on insulator rack assemblies ~ 
(sometimes called secondary racks) 
mounted on sides of poles to sup- : 
port low-voltage conductors or to | 
provide dead ending. In addition, 
they are used individually, mounted ~ 
with small angle brackets or cley- 
ises. - 9 

Strain insulators, consisting of 
an assembly of high-strength sus- 
pension types, are often used for 
dead ending or terminating con- 
ductors. Double and triple strings 
mounted on a steel yoke should be 
selected for heavy conductors. 

Strain insulators are also used in 
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Only BURNDY offers all three! 


THERMOWELD— COMPRESSION — BOLTED 


Weld anywhere 
with lightweight 
THERMOWELD. 
Self-contained, 
needs no exter- 
nal source of 
power. 


Pour powder into 
mold, tap. Start- 
ing powder won’t 
mix with welding 
powder,assures 
positive firing. 


Type CS3 \N 


COMPRESSION 


. YA-V 


Close cover, ig- 
nite with flint 
gun. THERMO- 
WELD forms 
liquid copper 
which fuses con- 
ductors into 
solid mass. 


Welds a perma- 
nent electrical 
connection eas- 
ily and economi- 
cally to any cop- 
per conductor or 
steel structure. 


Type BB1 


AVAILABLE AT YOUR BURNDY DISTRIBUTOR 


NORWALK, CONNECT. BICC-BURNDY Ltd. Prescot, Lancs., England In Europe: Malines, Belgium TORONTO, CANADA 


DOW or 1500W 
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eect 
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TURN THESE 


CALIBRATED DIALS 
OR VERTICAL BEAMS 


PENCIL-THIN 


ee ae eae eae eRe Re 


WALL-WASH WIDE 


oR Beene eee eae ewan means 


ALL THIS 
AT YOUR FINGERTIPS 


Read about the Beam Selector and other exclusive features 
of this remarkable Stonco floodlight for quartz iodine lamps. 


TOO MUCH SPILL-LIGHT 


What can you do when the floodlights are 
up and some beams are spilling over? It 
happens even when lighting layouts are 
made with loving care. 


You can re-order units with tighter beams. 
Tear down. Re-install. You can, but you 
probably won’t. Too expensive. Besides, 
mistakes are inevitable. Since we can’t 
change the inevitable, Stonco has im- 
proved floodlights instead. 


We built an adjustable focusing device 
right into our fixture. A Beam Selector. 
With it you can actually dial the beam you 
need. On the job, if necessary. It’s easy 


_ to do, yet very scientific. Like a zoom 


camera. 


The results leave little to be desired. Lay- 
outs are virtually goof-proof. Coverage is 
just what you want [or change it until you 
are satisfied]. There are no complications. 
No special fixtures. No special reflectors. 
No special lenses. One floodlight does it 
all. Beautifully. But only with the Beam 
Selector. 


WHAT IS PERMADITE? 

Permadite™ is our name for a new kind 
of reflector. It is manifestly brighter and 
harder than any other reflector commer- 
cially available today. It has to be to with- 
stand the hellish heat of a quartz iodine 
lamp without dulling, crazing, or just plain 
“burning up.” 

There’s only one way to protect a reflector 
from such intense high heat, as well as 
ordinary corrosion. Thicken the anodic 
armor. Unfortunately heavy anodizing gets 
“hazy’’ on conventional reflectors, due to 
normal impurities in the base metal. So we 
start with purer aluminum. The trade has 
a name for super high purity aluminum: 
AL 99.99%. We call it Permadite because 
it’s far more brilliant initially, and stays 


brilliant even when protected with a tough 
anodic coating thick enough to cloud 
ordinary reflectors. 


Although the actual process is classified, 
we hope you'll remember the name Perma- 
dite and what it means for you: More light. 
Permanently. 


WHO READS INSTRUCTIONS? 

Hardly anyone. Which is why we take great 
pains to avoid elaborate instructions, and 
the work that accompanies them. For 
example, quartz iodine lamps must be 
operated within 4° of horizontal. Our 
answer is a built-in horizontal leveling de- 
vice. Compensates for eccentric mounting. 


How can you tell the fixture is level? 
With a built-on bubble level. Right on top 
of the fixture where it’s easy to see. 
Forever. 


How do you aim the fixture? 
With a built-on rifle-sight. Very convenient. 


How do you service the fixture? 


Through the back door. Rear re-lamping 
eliminates pole-top acrobatics. 


What else? A heat, shock, and impact 
resistant wrap-around lens for less trapped 
light. External fuse chamber. Degree- 
marked vertical aiming quadrant. Arm- 
gripping locking teeth. And more, including 
mounting accessories galore. 


SOMETHING FOR NOTHING 

Does a floodlight have to look like an old 
metal kettle with a glass lid? We don’t 
think so. To prove it we've added a bonus 
of beauty. The result is a fixture for quartz 
iodine lamps the likes of which you’ve 
never seen before. Frankly, a picture 
doesn’t begin to do this beautiful die-cast 
aluminum floodlight justice. But if you drop 
us a postcard, we'll gladly arrange a pri- 
vate showing. 


7 


STONCO ELECTRIC PRODUCTS CO. * 383 MONROE AVE. + KENILWORTH, NEW JERSEY 
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guy-wire assemblies to insulate the 
lower portion of the guy wire from 
the dangerous high voltages at the 
pole top. These types include a 
‘smaller unit usually made of por- 
celain which has a holding strength 
up to about 20,000 lb; a wood strain 
insulator is available with tensile 
strength up to about 35,000 lb. 

Anchors are devices used to pro- 
vide solid attachment of pole guy 
wires to the ground. They are avail- 
able in a number of types which 
take into consideration the type of 
soil as well as holding power and 
strength of the anchor. 

Expanding anchors are used for 
general anchoring applications. 
This type is a collapsible assembly 
of 2, 4 or 8 sections of steel plates. 
In the folded position the anchor is 
lowered to the bottom of an anchor 
hole. The plates are then expanded 
by taps on a tamping bar to force 
the assembly to spread wedging it- 
self into the ground on the sides of 
the hole. This type can be selected 
for use in Class 3, 4, 5, 6, or 7 soil. 
Holding strength can range up to 
40,000 lb in Class 8 soil using an 
expanding anchor with 12-in. plates. 

Plate anchors are also popularly 
used for general anchoring. As its 
name implies, the plate anchor is a 
curved, rectangular plate of steel. 
Used in Class 3 to Class 7 soil, its 
holding power ranges from about 
11,500 lb in Class 7 soil for a 6 by 
17 in. anchor, to 50,000 lb in Class 3 


ATOP POLE, lineman draws in new conductor. Arrows point out (1) insulating 
sleeve, (2) cable clamp, (3) pin-type insulator (high voltage), (4) pole band, (5) 
wood crossarm braces, (6) wood guy-strain insulator with arcing horns, (7) pin-type 
insulator (low-voltage), (8) insulator pin, (9) flat steel crossarm braces. 


soil for a 10 by 40 in. anchor. An 
advantage of this type is that its 
holding power does not depend on 
tamped fill-in earth. Instead the 
plate anchor pulls against solid 
earth. 

Screw-type anchors can be se- 
lected for general anchoring and 


EXPANDING ANCHORS are used for general anchor- 
ng. Size of anchors in folded position ranges from 6 
0 12 in. diameter. Expanded sizes range from 50 to 
00 sq. in. 


PLATE ANCHORS, also used for general anchoring, 
are made of malleable iron or steel plates. They provide 
excellent holding power because pull is. against un- 
disturbed earth. 


SCREW TYPE ANCHORS can be selected for general 
anchoring in class 4 to class 8 soils. The corkscrew-like 
blade is made of drop-forged steel. No anchor hole is 
required; anchor is screwed into the ground with a 
wrench or bar. 


BASIC TYPES OF ANCHORS are shown installed. Anchors 


= malleable iron, develops tremendous holding power 


for anchoring in swamp areas 
where it would be difficult to dig an 
anchor hole. Consisting of a steel 
corkscrew-like blade and a shank 
with an eye at the top, the anchor 
can be quickly installed by twisting 
it into the ground by means of a 
bar inserted through the eye. In 


ROCK ANCHORS are used for anchoring in rock, rocky 
soil or masonry. The expanding rock anchor is made of 


through a wedging self-action. 


CONE ANCHORS are made of steel and are used in 
class 2 through class 5 soil. Sizes range from 6 to 23 in. 
diameter. It develops adequate holding power in class 
2 soil through wedging action. 


KEY ANCHORS, sometimes called pole keys, are used 
where standard guying is impossible because of side- 
walks, property restrictions, etc. Additional keying is 
necessary at ground level, 


eS CU rh rh ici ee as i 


Ga 


supplied separately. Rods and fittings should be high-strength 
steel, hot-dip galvanized. Copper anchor rods and fittings 
are also available. 


may be hot-dip galvanized or black asphaltum dipped for 
longer life. Except for rock anchors, anchor rods are usually 


4 
‘ 
1 
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Typical Pole Line Hardware 


Steel angle brace 


Wood: crossarm brace 


ec, 


Suspension Strain 
clamp ciamp 


i ov 


Fict steel 
haute Ball clevis 


= 


Pole band 


aeeG paz 


Porcelain guy strain insulator 


. 


Forged-steel Ribbed 
te pole~top pin 


messenger 


Y 
See! Plastic 


vertical-line spacer 


FLAT STEEL CROSSARM BRACES are strong, sturdy and 
economical, They are supplied in 18 in. to 34 in. lengths. 
A ribbed type is available for severe strain applications. 
STEEL ANGLE CROSSARM BRACES provide high-strength 
bracing when transformers or other heavy equipment are 
to be carried. They are available in standard sizes up to 
a 72-in. span. WOOD CROSSARM BRACES, often used on 
high-voltage poles, are usually made of a dense wood 
such as fir, are pressure-treated for long life. Span sizes 
range from 42 in, to 86 in. 


SUSPENSIGN CLAMPS are used in conjunction with sus- 
pension insulators to carry the conductor. STRAIN CLAMPS 
for large pole-line conductors may be the compression type 
or belted type. All are available in forged steel, pressed 
steel, malleable iron, forged aluminum, cast aluminum 
and bronze, 


CLEVISES are U-shaped devices with many applications. 
FLAT STEEL TYPE is shown supporting a spool-type in- 
sulator. BALL CLEVIS is used in conjunction with suspen- 
sion insulators. 


POLE BANDS, usually made of 11/, in. by 3/16 in, steel, 
provide means of attaching guy wires, secondary racks, 
etc. to poles. Several fypes are available providing for 
continuous adjustment and multiple attachments. 


GUY STRAIN INSULATORS may be porcelain or wooden 
furnished with arcing horns. The porcelain type is inex- 
pensive and is made so that even if the porcelain fails, 
the supporting wires will interlock and will not fall. The 
WOODEN TYPE has high-strength and is used for high- 


~ voltage applications. Composition types and a new fiber- 


glass type are also available. 


INSULATOR PINS, used to support pin-type insulators, 
may be wood, steel, steel and lead, or steel and wood. 
Wood pins are least expensive and are often selected for 
low-voltage distribution. FORGED-STEEL PINS are often 
used for high-voltage applications. RIBBED PRESSED- 
STEEL PINS are used on pole tops. 


PLASTIC SPACERS provide for simplified installation and 
long life service. They eliminate need for nuts and bolts, 
provide for easy maintenance, and have neat appearance. 


Class 8 soil, holding power ranges 
from 6000 Ib for an 8-in. anchor to 
15,000 lb for a 15-in. anchor. 

Rock anchors are used for an- 
choring in rock, rocky soil or ma- 
sonry. After a hole is drilled in the 
rock, the rock anchor is dropped in 
and its anchor rod turned to ex- 
pand the anchor. Thereafter the 
anchor develops a tremendous hold- 
ing power by a wedging self action. 

Cone anchors can be used for 
general anchoring, but, in addition 
are used to gain effective anchoring 
in shale or loose rock (Class 2 soil). 
This anchor is simply a steel cone 
which is placed in the anchor hole 
and back filled. 

Key anchors are used for anchor- 
ing where it is impossible to use a 
standard guy due to sidewalks, 
property restrictions and the like. 
Consisting of a collapsible assembly 
of two or four steel plates, the key 
anchor, sometimes called a pole key, 
is installed at the base of the pole 
in closed position. It is then ex- 
panded by tapping on the anchor 
shaft, causing its blades to unfold 
and gain holding power in the sur- 
rounding earth. 

Hardware for pole-line equip- 
ment covers a very broad range of 
devices. In the accompanying table, 
typical forms of commonly used 
hardware are shown along with 
data pertaining to each type. 


SECONDARY RACK, bolted to an angle- 
iron cross piece on transformer platform, 
has spool insulators which support low- 
voltage conductors supplying power to a 
trailer park, 
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— Use 


no hooks 
ona 


~ Clark 
starter 


This shape of screwdriver could be a handy maintenance tool for 
some AC motor starters, but not for Clark “CY” starters, 


We don’t put our screw heads behind, beneath, or around the 
corner from anything. Screwdrivers get an easy straight approach 
to all the service screws on a Clark starter. 


Design advantages such as this one can mean a big money advan- 
tage when the productivity of men, machines and materials depends 
upon quick repair or parts replacement for electrical controls. 


Check all makes when you buy or replace electrical controls. 
But compare all makes with Clark. Compare for quality construc- 
tion, ease’ of installation and repair—for the design features that 
save time, trouble and money. 


And, compare price. Clark controls cost no more. 


Unobstructed front accessibility of all screw 
heads, spring clips for quickest contact inspec- 
ARK Cc O N T RO L L E R CG O M PA N Y tion, easy contact and coil replacement, and the 
e industry’s most effective arc quenching—all 
MAIN PLANT: CLEVELAND, 10 * WESTERN PLANT: LOS ANGELES, 58 extra features of Clark Type “CY” starters, 

IN CANADA: CANADIAN CONTROLLERS, LIMITED, TORONTO, ONTARIO at no extra cost. \ 


SE AUTO-TRANSFER 
SWITCHES 


Basic Types of Automatic Transfer Switches 


/naicating 
auxiary 


Emergency source Normal source 


= To neutral ee 
Circuits shown with normal Load 
source energized 
SINGLE-COIL, DOUBLE-THROW CONTACTOR with magnetic operation for either 
transfer, but mechanically held in either operating position. Relays 1V, 2V 
and 3V provide protection against any phase failure or voltage drop on one 
line. Relay SE is the circuit selector, and relay LO supervises emergency. 


Normal Emergency 
supply supply 


NO or NC 
auxiliary 
when =e 
specified 


<— 


Circuits shown without ony energy 
Lood 


TWO SEPARATE CONTACTORS, mechanically and electrically interlocked to pre- 
vent simultaneous opening or closing. Undervoltage relay UV senses loss of 
normal power and initiates opening of NORMAL contactor. Availability of 
emergency power then closes EMERGENCY contactor. Each contactor has 
normally closed auxiliary contact in coil circuit of other contactor. 


Normal 


Emergency 


Motor operator for each CB 
Transfer contro! Or a common operotor 
equipment 
Mechanical interlock bar 
between CB cases to 
prevent simultaneous 
Load closing of both CBs 


TWO SEPARATE CIRCUIT BREAKERS, mechanically and electrically interlocked, 
with a common operator or individual motor operators. Overcurrent (short 
circuit) protection is provided for both normal and emergency supply. Con- 
trol panel may incorporate individual-phase supervisory relays and auto- 
matic starting and connection of the emergency generator or other source. 


NOTE: Although different control circuit elements are indicated above for 
each of the three types of automatic transfer switching, any one of them may 
use any control circuit to accomplish desired response of the transfer assem- 
bly to conditions of the load, the normal source or the emergency supply. And 
a wide variety of control arrangements are possible for controlling the source 
of emergency power. 
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The automatic transfer switch 
is widely used in modern electrical 
systems to provide automatic 
transfer of an electrical load from 
normal to emergency supply upon 
failure of the normal supply. It 
will also restore the load to the nor- 
mal feed when normal voltage re- 
turns. 

Selection of an automatic trans- 
fer switch should be made accord- 
ing to the following considera- 
tions: 

1. In either the normal or emer- 
gency position, the switch assem- 
bly must have sufficient continuous 
current-carrying capacity for the 
demand load connected to the load 
terminals. 

2. The switching units must be 
capable of safely and efficiently 
handling the currents encountered 
in closing the load on the emer- 
gency supply when the normal sup- 
ply fails and in disconnecting the 
load from the emergency when nor- 
mal power returns. 

3. Switches must be rated to 
withstand the thermal and mag- 
netic stresses of fault currents let 
through during the time it takes 
for short-circuit protective devices 
to clear faults. 

4. Electrical- and mechanical-in- 
terlocking must assure against the 
possibility of the normal and emer- 
gency contact mechanisms being 
closed at the same time. And it 
must be assured that one or the 
other mechanism is closed depend- 
ing upon the conditions of supply. 

5. Protection against  single- 
phasing of the normal supply or 
against excessive voltage drop 
should be provided in the control 
circuit of the switching assembly 
where load conditions require. 

6. Proper time-delay character- 
istics should be incorporated in the 
control circuit to isolate the re- 
sponse of the assembly from tran- 
sient voltage fluctuations in the 
normal system. Sensitivity to such 
fluctuations causes false operation 
of the transfer switch and may 
damage or destroy the starting cir- 
cuit for the emergency generator. 
Cranking batteries, for instance, 
can be completely discharged by 
repetitive current demands over a 
short period, caused by a transfer 
switch responding to system tran- 
sients and starting the generator 
on each voltage dip. 
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Signaling devices in common use 
today include bells, buzzers, chimes, 
horns, sirens, loudspeakers, in-out 
registers, and annunciators. Proper 
selection of one or more of these 
devices depends mainly on: purpose 
to be accomplished, type of occu- 
pancy to be served, noise level, and 
type of noise. 

Purpose to be accomplished — 
Basic to the selection of a signaling 
device is its ultimate use. As an ex- 
ample, for general alarms use horns 
or sirens; for coded fire alarms 
select single-stroke bells or chimes; 
to monitor operation of equipment, 
audible signals plus signal lamps or 
annunciators are often the choice. 

Type of occupancy to be served 
—The signal selected should fulfill 
its need without detracting from 
the decorum of the area served. In 
hospitals or residences, chimes, low- 
level buzzers, or mellow bells are 
usually suitable. In a noisy indus- 
trial shop area, however, sirens, 


SIGNALS & 
COMMUNICATIONS 


horns or visual indication may be 
required. 

Noise level — In an extremely 
noisy area, use a series of smaller 
signals rather than a few large 
units. For average noise-level offices 
or light-assembly areas, select buzz- 
ers, chimes or bells. In heavy- 
assembly areas or in light-machine 
shops, 4-in. and 6-in. single-stroke 
bells are often selected. Ten-in. 
single-stroke bells and 4-, 6-, and 
10-in. vibrating bells are usually 
suitable for use in heavy-machinery 
areas or in punch-press rooms. 
Sirens and horns are effective in 
high noise-level areas. 

Type of noise — Pitch of sur- 
rounding sound is also an important 
factor. In generator rooms, where a 
horn might blend with a humming 
generator, bells and visual signals 
should be selected. In a foundry or 
in areas where metallic noises may 
simulate a bell, horns or sirens are 
the better choice. 


INTEGRATED ALARM AND PROTECTION SYSTEM performs a large 


variety of signaling functions in a large industrial plant. 


A single opera- 


tor at the master console can immediately be informed of fire or smoke, 


detect intruders, 
monitor equipment operations, 
television and two-way intercom. 


listen-in on specific areas during non-business hours, 
and control 
Various 


entrances via closed-circuit 
“building block’’ subsystem 


panels can be incorporated to provide any number of desired signaling 


operations, 
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The following paragraphs de-7 
scribe pertinent features of avail- 7} 
able signaling equipment and pre- 
sent suggestions that will be 
helpful in attaining proper selection “}) 
and application. | 

Bells come in a wide assortment ~ 
of sizes, tones and styles. Both” 
heavy-duty and light-duty units are | 
available in 4-in., 6-in., 8-in., 10-in. 
and 20-in. sizes. For residential 4 
doorbell use, the 24-in. or 4-in. size” 
is usually suitable. } 

Bells are designed for eicha iis 4 
single-stroke or vibrating action.’ |) 
Vibrating bells ring continuously | 
as long as current is applied. They | 
are used primarily as alarm or time 
signals. Single-stroke bells are 
widely used for paging. 

The bell mechanism may be 
equipped with electrical contacts 
which open and close the circuit to 
the rapper coil, or it may incorpo- € 
rate a resonant circuit which pro- 4 
duces the oscillatory action re- 4 
quired without electrical contacts. 7 

Bells are designed to operate at | 
specific voltages but usually operate 7} 
satisfactorily at plus or minus 20% © 
of rated voltage. Voltage ratings ¥ 
range from 3 to 15 volts, plus rat- 
ings of 24, 48, 115, and 230 volts. 4) 
Bells are available for either ac or |} 
de operation. : 


For outside use, weatherproof 7¥ 


bells are equipped with a cast metal 
hood providing protection against © 
rain, snow and ice. j 

Special type bells are available | 
at all standard voltages for use in } 
hazardous areas. These are either | 
vibrating or single-stroke types | 
utilizing the resonant circuit, con- #) 
tactless operating mechanism. A 

Bells can be flush, semi-flush or | 
surface mounted. For flush mount- | 
ing, wall boxes with knockouts and 
grille covers are available for all 
standard size bells. , 

Buzzers are often used for pag- | 
ing or indicating in stores, offices 
and apartment buildings, and for 
general alarms in public buildings © 
or institutions such as schools or 
hospitals where sirens or horns 
would be out of place. Buzzers are | 
available for operation at voltage ” 
levels ranging from 6 to 15 volts 
and at 24, 48, 115 and 230 volts. 
Light-duty or midget units serve 
garages, stores, residences or in- 
stitutions where surrounding noise 
levels are low. Heavy-duty buzzers, 
capable of a higher sound output, 
find application in shops or areas 
where noise levels are not exces- 
sively high. 


FIRST ALL-PURPOSE 
SAW PRICED 
UNDER *50! 


SR Siye . TIR o 


Cuts metal—including pipe, conduit, tubing, angle, sheet Cuts wood up to 6-inches thick (even with nails). Perfect 
metal, bar stock, aluminum, soil pipe and more. for pocket cuts and notching work in,joists and studding. 


ae ee ee 


Cuts like a jig saw—makes intricate scroll cuts, pattern Cuts where other saws can’t for installing registers, junc- 
cuts and template cuts in wood, metal, plastic, etc. tion boxes, heating ducts. Flush-cuts into corners. 


0S 


See your Skil distributor now for a 


NOW you can get a genuine Skil Recipro 
demonstration. He’s listed under ““Tools- 


Saw (Model 577) at one-half the cost of 
other all-purpose saws. And with features Electric”? in the Yellow Pages. Or write: 
of far more expensive models, including: Skil Corporation, 

double-reduction gears, a 4-position foot, 


Dept.130-E,5033 
3-position handle, automatic sawdust Elston Avenue, 


blower, canted blade for faster cutting. EXCLUSIVE! Blade adjusts Chicago 30, Ill. powerW@TOoLs 
for cutting in four directions. 


ere | 
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Downlights, pendants, chandeliers and stage lights in with General Electric Remote-Control Wiring. ¥ 
ballroom of Crestview Country Club, Wichita, Kansas club employees, from the youngest bus boy to 


—are varied as dramatically as in many theaters, manager — find the system easy to operate. “a 


| 


| 


“One flick of a switch changes who 
G-E Remote-Control Wiring — at cos 


... Says Carl Green, Consulti 


“You just press the right switch to create 
-any of four different lighting moods in this 
ballroom,” says Mr. Green. ‘General Electric 
Remote-Control relays and motorized controls 
do the rest! 

‘Each mood varies the number, location or 
color of lights turned ON to suit dining, dancing, 
floor shows, etc. — and is put into effect by a 
25-contact G-E Motor-Master Control. These 


contacts connect to the ON or OFF sides of 
low-voltage relays controlling all circuits. 

“Pressing the mood switch activates o 
the Motor Masters, which sweeps its conta 
turn ON the lighting pattern and create 
desired mood. 

“General Electric Remote Control help 
give my customers theatrical lighting effect 
a fraction of the cost you might expect. 
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C. C. “Jack” Hall, the manager of Crest- Four General Electric Motor-Master Con- 
view, is delighted with convenient G-E trols (lower right), relay boxes and 24- 
“mood” switches (bottom). Other G-E volt transformer (top) fit neatly beside 
switches (top) dial any or all circuits ON panel, circuit breakers and dimmer in 
or OFF. (Middle switch is dimmer.) 3 basement locker room. 


G-E Remote-Control installation was part of complete modernizing job done on Crestview 
Country Club. Architects: McVay, Peddie, Schmidt & Associates, A.I.A., Hlect. Engineers: 
Carl Green & Associates, P.E., Hlect. Contractor: Southwestern Electrical Co., N.E.C.A. 


hting moods with 
‘prisingly low” 


rical Engineer, Wichita, Kansas 


G-E 24-volt control wiring eliminates Carl Green 
ve switch loops. G-E Motor Masters and 


eliminate big, expensive switchboards 
be installed almost anywhere.” Progress ls Our Most Important Product 
-an offer better lighting control for less 


win CE Roneiecon'ol Wire. m. G EN ERAL OQ) ELECTRIC 
» Company, Wiring Device Department, 
nce 7, Rhode Island. 
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Most buzzers are the contact type 
but contactless units are available 
for use in hazardous areas. 

Buzzers may be supplied in cast 
housings with tapped outlets. Or 
they may be installed in a standard 
4-in. box for flush mounting. Some 
models are equipped with an adjust- 
ing screw which provides for tone 
or loudness adjustment. 

Chimes, because of their pleas- 
ing, musical tones, are often se- 
lected for door signals in residences 
and for coded paging in offices, hos- 
pitals, banks or other locations 
where noise levels are low. Units 
that provide one, two or three dis- 
tinctive tones plus a melody are 
available for use in residences. 
Most models can be connected to 
indicate the signal origin (front 
door, service door, etc.). Most resi- 
dential chimes operate on low volt- 
age (10, 16 or 24 volts). 

For paging, coded alarms, or 
scheduling, a more rugged, single- 
tone chime is usually selected. 
Units are available that emit vari- 
ous sound frequencies. Frequencies 
of 980, 490 and 245 eps are popu- 
larly used. Chimes are available for 
operation at 230 or 115 volts or at 
low voltage. 

Horns and sirens have loud, at- 
tention-getting tones which make 
them particularly suitable for alarm 
signaling. Horns are often used for 
starting and dismissal signaling 
and sometimes for code paging. 
General types of horns include the 
vibrating type (low and high 
power) and the resonating type 
which is more powerful. 

Sirens are the most powerful and 
attention compelling of all signals. 
Because of their great range and 
high pitch, they are particularly 
suitable for alarm signaling both 
indoors and outdoors where noise 
levels are high. 

Motor-driven sirens, supplied at 
either 115 or 230 volts, are rated in 
horsepower. Common sizes are 3, 3, 
and 1 hp. 

Loudspeakers are available in 
two basic types, horn speakers or 
cone speakers. Made of metal in the 
form of a flared trumpet, horn 
speakers have a very high sound 
output. They are usually the choice 
for outdoor applications — play- 
grounds, stadiums, etc.—and for 
indoor use to cover large areas— 
auditoriums, high-bay areas in 
plants or warehouses, etc. 

Cone speakers consist basically of 
a voice coil, magnet and a pressed 
paper saucer-like diaphragm. Be- 
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Nuclear Radiation 
instrument monitoring 
inputs inputs 


_ 


Horn 


Acknowledge 
pushbutton ©) 


DIAGRAM OF A COMPLEX, solid-state annunciator system for a nuclear reactor 
shows basic components. Annunciator panel may have hundreds of windows to indi-) 
cate vital information. Thousands of points may be monitored by means of the, 
recorder-printer and solid- state flasher which indi¢ates when a specific point trips” 


the alarm circuit. 


cause they are capable of clean, 
faithful reproduction of sound, cone 
speakers are preferred for use in 
music distribution systems. Al- 
though they lack the long distance 
penetration of horn speakers, their 
characteristics are ideal for paging 
and music reproduction when gen- 
eral noise level is not high. 

When selecting a loudspeaker 
many important factors must be 
considered. Among them are: sur- 
rounding noise level, power capac- 
ity, volume control at speaker, 
baffling requirements, dimensions 
and mounting, need for line-match- 
ing transformer, and frequency re- 
sponse. 

Annunciators come in a wide va- 
riety of styles with various optional 
features depending on application. 
Basic components include: visual 
indicators (lamps or _ gravity 
drops), audible signals, control re- 
lays mounted integral with the an- 
nunciator or in a separate panel, re- 
mote pushbuttons for signaling, or 
remote actuators such as thermo- 
stats, float switches, or any device 


that will break an electrical circuit. 


For use in large homes, offices, 
small hotels and motels, annunci- 
ators with as little as four windows 
can be selected. Optional features 
include manual or electric reset, 
audible signal, and ring-back or 
call-back provisions. 

Highly sophisticated systems, 
which can monitor as many as 10,- 
000 separate points, are available 
for industrial use. 

Depending on requirements and 
level of reliability needed, desirable 
features include: self-supervision 
to indicate any malfunction of the 
annunciator itself, plug-in relay 
units for easier system trouble- 
shooting or expansion, test circuit, 
remote ring-back or intercom in 
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Annunciator panel with 


Process 
inputs 


Outputs 


engraved windows 


| 

large installations. In special in-~ | 
stances, recording equipment may 
be added. 

In-out registers find extensive 
application in hospitals, offices and 
industrial plants. Equipment in-- 
cludes one or more entrance regis- 
ters; an operator’s register panel, 
which is usually desk mounted; and — 
a transformer to supply low voltage © 
to indicating lamps. A flashing unit — 
may be added to inform an individ- 
ual at the register panel that he 
should call the operator to receive a 
message. 

A comparatively new system uses © 
dial registers, solid-state sional 
center, and one or more “in-out” 
indicating units. As an individual] © 
enters or leaves, he will press an 
“in” or “out” button and dial his 
code number at a dial register lo- 
cated at the building entrance. This 
information is sent to the storage © 
center located in a remote area. 
When operators wish to know if an 
individual is in or out, they will 
dial his code on the central indi- ~ 
cator unit. The storage center then 
transmits the required information 
by lighting the appropriate “in” or 
“out” lamp on the indicator. Pro- 
visions are available for message or 
call-in indication, verification of 
dialing, and intercommunication. 

Fire alarm systems consist ba- 
sically of: alarm-initiating devices, 
audible or visual alarm signals, and 
a control panel which may perform 
special functions. Alarm-initiating 
devices may be manual or auto- 
matic. Manual initiating devices 
(sometimes called stations or fire 
boxes) are of two types, coded and 
non-coded. Because warning and — 
evacuation is the primary con- 
sideration in factories, offices and 
schools, the non-coded system using 
non-coded stations is often selected. — 
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Now... there’s a : 
“LITTLE KICKER” for 34” E. 


. .. and it has all the advantages that made the Greenlee 4” 
“LITTLE KICKER” an immediate favorite with so many 
electricians and contractors: 


@ FAST—bends perfect offsets in just 2 seconds. ae 


e@ ECONOMICAL—climinates the need for costly offset 
connectors. 


@ EASY —just press down on the handle. 


@ ACCURATE—every bend is identical . . . no time lost 
refitting or cutting and trying. 


See your Greenlee Distributor for a demonstration today! 


Now you can eliminate the need for costly 

—> offset connectors wherever 34" or 14" E.M.T. 
es oe J is used in exposed installations. The new 
& ee sean one Greenlee ‘‘Little Kickers” save you up to 12c 
1/2” E.M.T. in material per connection . . . and cut hours 
off every job. 


Both “‘Little Kickers"’ are in stock at leading electrical 
and industrial supply houses. 


Order NOW. 


No. 1811 meV 
ens ANOTHER NEW ADDITION TO THE GREENLEE LINE 


OF JOB-PROFIT TOOLING = ; 
GREENLEE TOOL CO., 2018 Columbia Ave., Rockford, Illine 
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in an industrial plant. 
in center protects two zones. 


supervisory trouble bells. 
cabinet. 
to the local fire department. 


For hospitals, hotels or institutional 
buildings, a pre-signal coded system 
is usually more desirable. This sys- 
tem allows staff personnel to in- 
vestigate the pre-signal alarm and, 
if necessary, prepare for an orderly 
evacuation before sounding a gen- 
eral alarm. 

| Stations are available with or 
without break-glass provisions. (It 
is thought that the break-glass type 
tends to discourage false alarms.) 
Stations may be equipped with lock 


and key provisions for -silent or — 


coded testing. 

There are several types of auto- 
matic initiating devices on the mar- 
ket. Most popular is the spot type, 
which is available in two forms, the 
fixed-temperature type and _ the 
combination fixed-temperature rate- 
of-rise type. Fixed-temperature 
units, usually set at 186° or 165° F 
for most areas, are effective over 
400 sq ft mounted on 20-ft centers. 
Combination units cover 2500 sq ft 
on 50-ft centers. Both types may be 
mounted on a standard 4-in. octag- 
onal box. a 

Other useful automatic initiating 
devices include photo-electric equip- 
ment to detect smoke in air ducts or 
in areas where smoldering fires may 
occur and infrared detectors which 
operate upon detecting flame, re- 
jecting other infrared light sources. 

Audible or visual signals for fire 
alarm systems include horns, sirens 
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FIRE ALARM SYSTEM control cabinets provide for 3-zone fire protection 
Cabinet on left monitors one zone; larger cabinet 
Installation incorporates rate-of-rise com- 
bination fire detectors, coded fire alarm boxes, coded alarm bells, and 
Trouble bells can be seen at right of large 
On the far right, an alarm box immediately transmits fire alarm 


and bells for general alarm; single- 
stroke bells, chimes, buzzers and 
annunciators for pre-signal or 
coded systems. 

The central control panel func- 
tions will depend on the type of sys- 
tem selected. In any case, the panel 
should incorporate an_ electrical 
supervisory circuit which sounds a 
trouble alarm if a fault should occur 
in the system components or wir- 
ing. 

Fire alarm systems specifically 
designed to protect homes incorpo- 
rate essentially the same equipment 
as those described previously. Op- 
eration is usually at low-voltage 
and provisions are made for auto- 
matic throw-over to a battery sup- 
ply. In addition to sounding a gen- 
eral alarm, some home systems 
provide for visual indication of lo- 
cation of fire and for testing. 

Intercommunication systems in- 
clude both telephone and loudspeaker 
systems. When a great number of 
stations are required or where 
privacy is important, telephone sys- 
tems become especially practical. 
On the other hand, loudspeaking 
intercom systems are often selected 
for normal inter-office communica- 
tions where the number of stations 
rarely exceeds 60 and when im- 
mediate contact is essential. 

Equipment for a loudspeaker in- 
tercom system includes one or more 
master stations and one or more 


remote-speaker stations. Consisting 
of an audio amplifier, selector 
switches and loudspeaker which 
also functions as a microphone, the 
master station can call any remote 
station and may be equipped to per- 
form special functions. The remote 
station can call and receive mes- 
sages from the master station but 
usually cannot call other stations. 
However, provisions are available 
for mixed intercommunication serv- 
ice, 

Power, size and complexity of the 
master station will depend on the 
number of remote stations required, 
mode of operation, and optional fea- 
tures desired. For home and apart- 
ment building intercommunication, 
master-station power output may be 
as little as one watt. In large office 
buildings or in industrial plants, 
the master station may be rated as 
high as 10 watts. 

Needs of the users will dictate 
which optional features will be in- 
cluded. Many systems on the mar- 
ket provide for audible and visual 
call annunciation, privacy call, 
priority call, paging from all sta- 
tions, telephone-type handset and 
provisions for recording messages. 

Home systems may incorporate 
AM/FM radio distribution, built-in 
door chimes, privacy control, and 
provisions for an integrated fire- 
alarm system. 

Transistorized intercom systems 
are available with the inherent ad- 
vantages of long-life transistors, 
low-power consumption, cool opera- 
tion and instant communication. 

Also available are carrier-current, 
intercom systems which do not re- 
quire control wiring but use exist- 
ing power lines. In these systems, 
audio is carried on a high fre- 
quency which is coupled to existing 
power lines via a capacitor circuit 
and decoupled similarly at the re- 
mote station. 

Telephone intercommunication 
systems provide for: privacy, rapid- 
communication in large systems, 
selective talking and ringing, and 
frees regular phone system to re- 
ceive outside calls. 

Equipment required includes 
telephone units (selector or dial 
type), operator’s switchboard or 
automatic relay panel, and a power 
supply or batteries. 

Many attractive styles of tele- 
phones are available including desk, 
wall or weatherproof units. One 
type incorporates earpiece, mouth- 
piece, and dial in an integral free- 
standing unit. 
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FOR THE DEPENDABILITY FEQ 


One man operates U.S. Bo 


UIRED BY AUTOMATED INDUSTRY 


rax & Chemical Corporation conveyor at Boron, California. 


...a multi-conductor cable for every type of installation— 
mobile or stationary, in ducts, conduits, trays, troughs, direct burial, 
aerial suspension, high temperature... 


Virtually all of your control cable requirements can now be met 
by Bronco. Data given here indicates range of sizes shown in 
the new Bronco Control Cable Catalog, the sizes usually found 
in the very extensive stock carried in the Bronco network of 


Servicenters. The extraordinarily complete and versatile facili- 


TYPE SO PORTABLE UL approved 


Extra flexible, fine-stranded conductors insulated 
with color-coded SBR rubber with an outer pro- 
tecting jacket certified to contain not less than 
67.32% neoprene. Branded jackets with all iden- 
tifying information molded in so it won't rub off. 
Sizes 18 through 10 with from 5 to 60 conductors, 
more on special order, Shielded type also available. 


STATION 


Coated copper conductors either solid, a branded heavy neoprene outer protect- 
coarse, or medium-fine stranded with a ing jacket. Sizes 14, 12, 10, 9, up to 
color-coded neoprene coating over each, 37 conductors. 


ties for the manufacture of multi-conductor cables established 
by Bronco can handle your most unusual requests—mixed sizes, 
short and long lengths, combination power and control cables, 
shielded sub-assemblies...What’s the maximum number of con- 
ductors? Ask. Give us the a.w.g. size, we’ll reply by return wire. 


GON hig 


stabilized with a GENERAL PURPOSE 


FLEXIBLE THERMOPLASTIC 


ductors, brightly color-coded, 600 volts, 
sizes 18 through 10 with up to 40 con+ 
ductors. 


PVC (polyvinyl chloride) insulation and 
PVC jacket, flexible-stranded copper con- 


1.M.S.A. 


PVC jacket of either normal thickness, or 
extra-heavy for direct burial. Sizes 14 
and 12 with 3 to 12 conductors. 


Bronc-hide 600 volt Municipal Signal 
Contro| Cable has solid copper conduc- 
tors, is made in four types: with either 
polyethylene or PVC insulation, with a 


PNB 


sulation covered with nylon, a PVC jacket 


Bronc-hide PNB is a small diameter cable 


For temperatures up to 110°C (230°F) 
Bronco makes AVA control cable with 


coarse- and fine-stranded conductors in- 
sulated with asbestos and varnished cam- 


TYPE AVA 


bric, color-coded cotton braid, covered 
over all with a closely-woven, impreg- 
nated asbestos braid. Sizes 12 and 9. 
1 to 19 conductors. 


NEW BRONCO CONTROL CABLE CATALOG 
is now off the press, write for your free copy. 


WESTERN INSULATED WIRE COMPANY/ LOS ANGELES 58, CALIFORNIA 


PAST ANNIVERSARY 
L962 


for operating temperatures from —40°F 
to +-167°F. Flexible-stranded, coated 
copper conductors have polyethylene in- 


BRONC-hide Thermoplastic Station Con- 
tro} Cables with 19-strand flexible con- 


ductors are made in a complete range of 


sizes in two types—1000 volt with poly- 


ethylene insulation and PVC jacket; 600 


over all. Stock sizes are 14, 12, and 9 
with from 1 to 19 conductors. 


volt with PVC insulation and PVC jacket 
Bronc-hide 300 volt telemetering cable 
with paired, solid, bare copper conduc 
tors are made in sizes 22, 19, and 16 
with up to 50 pairs. 


A QUARTER CENTURY OF SERVICE TO INDUSTRY SELLING NATIONALLY THROUGH ELECTRICAL WHOLESALE DISTRIBUTORS, 
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Ringing and talking connections 
may be handled by an operator at 
a switchboard or by an automatic 
relay panel. Functions provided 
may include absolute privacy, party 
lines, provisions for paging from 
any phone, priority provisions, and 
direct lines. 

Nurse call systems consist bas- 
ically of bedside calling station, 
corridor or bedside indicators, an- 
nunciator, and a transformer to 
supply low voltage. Some systems 
incorporate intercommunications or 
closed-circuit television as well as 
other special functions. 

‘The two basic types of calling 
stations are the locking-button type 
(usually used with low-voltage sys- 
tems) and the cord toggle switch 
type used on 115-volt systems. 
When a calling button or switch is 
operated by a patient, an audible 
signal will sound at the annuncia- 
tor which indicates the origin of 
the call. Also, the call may illumi- 
nate a corridor lamp over the pa- 
tient’s room or, in a ward, a bed- 
side lamp. The nurse may silence 
the audible signal at her station, 
but the visual indicators can be ex- 
tinguished only by resetting the 
call button or switch at the pa- 
tient’s bed. 

Most call buttons are supplied 
with a detachable cord which is 
plugged into a special wall recep- 
tacle. Call stations may be equipped 
with various features such as TV 
and radio outlets, emergency call 
and luminous buttons. 

For use in operating rooms, an 
explosion-proof, foot-operated unit 


is available. And for use outdoors, | 


a weatherproof unit can be selected. 
Annunciators and intercommuni- 
cation equipment should have func- 


tions and basic features similar to . 


those described previously under 
their particular headings. 

Clock and program systems pro- 
vide for accurate timekeeping and 
for operation of bells, buzzers or 
relays according to a preset sched- 
ule. These systems are used exten- 
sively in schools but also find wide 
application in hospitals, commer- 
cial buildings and industrial plants. 

There are four types of clock sys- 
tems available: 

1) A synchronous motored mas- 
ter control system incorporates a 
master clock that corrects each sec- 
ondary clock each hour. A rectifier 
and transformer unit is required to 
provide low-voltage dc. 

2) The minute-impulse system 
has a master clock and secondary 


- speakers. 


Gymnasium Unit 
Sound System 


|..Amplifiers 
2.Record player 
3. Microphones 
4.Horns 

5, Loudspeaker 
6. Intercom 

7. Controls 


Central Console 


Auditorium Unit 
Sound System 


|. Amplifier 
2.Record player 
3. Tape recorder 
4. Movie projector 
5. Microphones 

6. Loudspeakers 
7. Intercom 

8. Controls 


|. Program controls 
2.|Intercommunication 


controls 


Cafeteria Unit 
Sound .System 


amplifier 


|. Amplifiers 
2.Record player 
3. Tape recorder 
4. Microphones 
5. Loudspeakers 
6. Intercom 

7. Controls 


3. Preamplifier and 


4. Tone generator 
5. AM/FM Tuner 
6. Record player 
7. Tape recorder 
8. Microphones 
9, Loudspeakers 


Classrooms 


|. Loudspeakers 
2. Intercom 


Office Area and 
Principal's Office 


|. Microphones 
2. Loudspeakers 
3. Intercom 


BLOCK DIAGRAM shows a typical modern sound system for a large high school. 
The separate unit sound systems may operate independently or in conjunction 
with the main system. An all-call switch at the central console overrides all unit 
systems, so that special or emergency announcements can be made through all 


Other central console controls include volume controls, input selector 


switch, tone controls, intercom selector switches and an annunciator panel. 


clocks which are equipped with 
drive magnets to advance the clock 
hands. Each minute the master 
unit sends an. impulse to all clocks 
causing the drive magnet to ad- 
vance the clock hands one minute 
with every pulse. This system op- 
erates on low-voltage dc. 

_ 8) The dual synchronous mo- 
tored system has no master clock 
but instead all clocks have two mo- 
tors, one for normal operation and 
the other for correcting time after 


COMBINATION CALL BUTTON allows patient to change channels on TV 


a power interruption. This system 
usually operates at 115 volts ac. 
4) Electronic-controlled synchro- 
nous clock systems require no inter- 
connecting wiring. Instead each 
clock is connected to any 115-volt 
ac circuit. In this system, coded 
high-frequency pulses from the 
master clock or transmitter are su- 
perimposed on the 60-cycle lines 
and are sensed at each clock or pro- 
gram device by special circuitry. 
Hourly time correction and power 


set, adjust volume, and listen to TV sound through pillow speaker with- 
out disturbing other patients. The device also functions as a nurse call button. 
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NURSE CALL panel, flush-mounted, includes audible signaling and annun- 
ciator visual signaling. Nurse may initiate calls or reply to calls from any 
patient on the floor. Note combination of conventional intercom and tele- 
phone handset at left of panel. 


failure correction are also available 
with this system. 

Program systems are often in- 
corporated with clock systems to 
sound audible signals or to start or 
stop selected equipment automat- 
ically at a preset time. The pro- 
gram control panel will usually con- 
sist of a calendar drum or device, 
a time drum, signal-circuit relays, 
program-circuit pushbuttons and 
control switches. 

Sound systems vary consider- 
ably in components, function and 
operation depending on the purpose 
they serve and the type of occu- 
pancy or location. 

After the general requirements 
for a particular sound system has 
been defined, careful consideration 
should be given to the system com- 
ponents which include: types of in- 
puts (microphones, tuner, record 
player or tape recorder), control 
center, amplifiers, and loudspeak- 
ers. A tone generator is often in- 
cluded to sound alarm or time 
signals. ; 

There are three basic types of 
microphones: carbon, crystal and 
dynamic. The carbon microphone 
is almost never used in commercial 
sound systems and should be re- 
jected as a possible choice. 

The crystal microphone, a high- 
impedance type, provides excellent 
performance and is quite econom- 
ical. It has wide application but 
should not be used where excessive 
heat is prevalent or outdoors in 
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mid-summer. Because the. crystal 
microphone is a high-impedance 
type, it should be operated within 
50 ft of the amplifier. Operation 
beyond 50 ft will cause high fre- 
quencies to be attenuated and allow 
unwanted hum or noise to be picked 
up. 

The dynamic microphone is prob- 
ably the most popular type in use 
today for commercial sound sys- 
tems. Its advantages include rug- 
gedness, wide frequency response, 
moderate price and availability with 
either high- or low-impedance out- 
put. Some high-impedance dynamic 
microphones are equipped with a 
small switch that allows selection 
of either high- or low-impedance 
output as desired. 

For highest quality performance, 
the velocity or ribbon-type micro- 
phone can be selected. This type 
should not be used outdoors and is 
more costly than the other types. 

Microphone sensitivity patterns 
must also be considered for proper 
application. Uni-directional micro- 
phones are sensitive to.sound from 
only one direction and may be se- 
lected for auditorium, stage or 
theater work. For interviews, the 
bi-directional type is the logical 
choice. The omni-directional micro- 
phone, which is sensitive to sound 
from all directions, is suitable for 
group pick-up or round table dis- 
cussion. 

Record players available include 
the automatic type and the manual 


feature of local recording of pro- | 


type. The automatic record changer || 
is capable of quality performance 
and may operate for several hours) 
without attention. The manual rec- 
ord player affords better perform- |} 
ance but requires frequent record)| 
changing. For high-quality sound” 
pick-up, a magnetic cartridge is 
preferred because it has a wide fre-" 
quency response. Crystal and ce} 
ramic cartridges do not have as | 
wide a frequency response. : 

Tape mechanisms afford the ad- 
vantage of musical programming | 
for several hours plus the added | 


grams, instructions or records. 
Since the program material is on | 
tape, storage space is minimum. | 

AM/FM tuners installed in a 
sound system should receive care- 
ful consideration. Important fea. 
tures to investigate are: frequency ~ 
response, sensitivity, distortion, 
hum and noise ratio. ; 

Amplifiers for sound systems may ~ 
be combined with a preamplifier, ~ 
which increases low-level signals ( 
from microphones or record play-) 
ers. Important selection considera-_ 
tions include: power output rating; ” 
output impedance; frequency re-— 
sponse; gain; power consumption; 
hum; input channels for tuner, mi- 
crophones and record player; tone 
controls and mounting. 

Paging system equipment such 
as microphones, amplifiers and loud-— 
speakers were discussed under 
Sound Systems. It is important to 
note, however, that mobile public 
address amplifiers are available 
which can be powered directly from” 
either 6- or 12-volt auto batteries. _ 
These units can also be equipped to 
operate on 115 volts ac. Also avail- 
able is a transistorized amplifier 
designed expressly for mobile use. 

Coded call systems, both visual 
and audible, find wide application 
in industrial plants, commercial 
buildings, schools and hospitals. A 
transmitting device sends impulses 
to all buzzers, bells, chimes or horns 
sounding the code message through- 
out the building. The individual, 
upon hearing his assigned code, will 
then call the central operator. 

In hospitals, a visual annunciator 
is often selected as the indicating 
device. When an individual is 
paged, large illuminated numbers 
appear on the annunciator corre- 
sponding to the individual code. 
The annunciators are strategically 
located throughout the building to 
provide complete coverage. 
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y Westinghouse ts first in 
circuit breakers 


> 


1924 
stinghouse 
lied for the 
zinal patent 
the trip-free 
chanism for 
molded case 
cuit breakers 
Since 1924 
Westinghouse 
has continued 
improving the 
circuit breaker, 
with more 
impr ovements Since inventing the original AB 
Coming all the time “folded case cireul: breaker, 
earn scores of basic patents for 
circuit breaker developments. 
Each, in some way, has made 
today’s Westinghouse circuit 
breaker a greater value. Present 


developments will make to- 
morrow’s breaker even better. 


ue vmee These continued improve- 
} tie Flea nS yf . 
; ments have made Westinghouse 
{ 7 y, 1 0 AB De-Ion breakers the indus- 
SE oiiker tua fed try’s most widely accepted 
39 *y 10? DR fi breaker with designers, manu- 
J £,4UL,£0% facturing engineers, contractors 
vi 7 9120 and others. Ask your local sales 
ee Z,10U representative to show you how 
1S . . Dy . 
A ne” the full line of quality Westing- 
or 914 acelin rene ; 
00 2,104 house breakers can’ build more 
? : ae. ry 
ah A147 reliability into your electrical 
23 Lyi e systems, or write Westinghouse 
44 9790 Electric Corporation, Standard ne ‘ 
Li z Toc Control Division, Beaver, Penn- : 
ie at A ola sylvania. You can be sure... if its 
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Industry demanded If 


Hatfield developed it 


| 


Tough cable installation job comin’ up’ 
Don’t gamble! Get to know Hatfield “Hate 
flex” crush-resistant, non-metallic sheathe 
cable. It will save you plenty later! How? 


GAMBLE 


Research developed ‘‘Hatflex’’ Cable eliminates long- 
standing faults often found in standard non-metallic} 
insulated cables. The conductors are abrasion and 
crush resistant specially compounded PVC. They 
will not puncture or tear in installation. They save | 
| you labor and hard cash, too... there’s no unwrap- 
| ping necessary and that slashes time on the job an 
_ initial cost! 


Here’s the proof backing this per-_ 
formance. “Hatflex” was crushed 
by 1,800 Ibs. of solid steel, between” 
conductors, in a special compres- 
sion cage — and it withstood the 
terrific impact without short cir- 
cuiting or any insulation damage. 
The new crush-resistant, non- 
metallic insulating compound 
completely cushioned the full 
force! So, forget about insulation 
fraying or tearing even on your 
most rugged non-metallic cable 
installation challenge. Specify 
“Hatflex” and get the job done 
faster, safer, more economically. 


ATFIELD WIRE & CABLE 
DIVISION OF CONTINENTAL COPPER & STEEL INDUSTRIES, INC, — 
: Plants: Hillside + Union « Linden/ Executive Offices: Hillside, N.J. 


+weeenes 
. & we @ aa s & 4 _ 
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Transformers (1) 


A new line of general purpose, 
dry-type transformers rated 25 va 
through 500 kva has been intro- 
duced. Units rated 30 through 500 
kva have six universal voltage taps. 
The combination of four 23%, full- 
capacity taps below normal, and 
two 23%, full-capacity taps above 
normal, provides a 15% range of 
tap voltage adjustment. The new 
tap arrangement allows the indus- 
trial user to continue using the 
same transformer, even if a line 
voltage change occurs at a later 
date after installation. All of the 
transformers rated 30 kva and 
above are equipped with solderless, 
clamp-type terminals. They will ac- 
commodate either copper or alumi- 
num cable. An improved insulation 
system design has been applied to 
transformers rated 100 va through 
3 kva. 

General Electric Co., Schenectady 
iN. Ys 


Switches . (2) 


_ Ten new UL approved precision 
snap-action switches are offered for 
automatic limit, safety and inter- 
lock control in electrical circuits 
of industrial, commercial and 
household equipment. The devices 
feature small size, light weight, 
small movement differential and 
high electrical rating. They are 
available with solder lug terminals 
and bottom-facing screw terminals 
fo accommodate up to No. 14 wire 
ring or spade connectors. A choice 
9f actuator types and operating 
characteristics are available, with 
the actuators constructed as an in- 
tegral part of the switch. All con- 
acts are rated at 20 amps, 120 volts 
ac. Switches are both mechanically 
and electrically interchangeable 
with all other precisions snap- 
action switches. 


Product News 
: rican 


— 


Dimmer (3 


A new miniature electronic ro- 
tary dimmer incorporating such 
features as the ability to “gang” or 
“bank” as many units as is re- 
quired, has been announced. The 
RDC-600 is supplied with a new 
“Fashion Rite” wall plate and knob. 
The Hi-Lux rotary dimmer can be 
mounted under any standard switch 
wall plate when desired. It is rated 
at a full 600 watts incandescent 
lamp load only. 

Slater Electric Inc., Glen Cove, 
NBS 


Lighting Fixture (4) 


The new “Caravel’ commercial 
fluorescent lighting fixture for sur- 
face or suspension mounting, has 
been introduced. The special “lift- 
and-shift” lens works from either 
end. Designed primarily for sur- 
face mounting, units are available 
in 2- or 4-lamp 40-watt rapid-start. 
The thin profile, 3% in., allows unit 
to be used in almost any application 
for stores, offices and schools, while 
special diffuser eliminates bright- 
ness contrast in the illuminated 


~ areas. 


Benjamin Division, Thomas In- 
dustries, Inc., 207 E. Broadway, 
Louisville 2, Ky. 


Thermostat (5) 


A new electric heat thermostat 
that can have its dial setting “set- 
back” approximately 15° by means 
of a remote switch has been intro- 
duced. The set-back feature makes 
these thermostats ideal for such ap- 
plications as motels, hotels, schools, 
churches, hospitals and other mul- 
tiple type structures which have 
limited periods of occupancy. The 
remote switches are located at one 
central location. The control also 
has a locking device whereby the 
dial can be locked at a specific set- 
ting or used to limit the range of 
dial temperature adjustment. 


Sk 


NY 


PAT. PEND, 


Biplex is the name for 
this handsome new 
duplex receptacle that 
adds a touch of ele- 
gance to your projects 
—at budget prices! 
This grounded duplex 
matches the 2-wire 
Sierra Triplex and fits 
the same plates. 
Biplex is UL approved 
and meets all codes 
and standards. 


SIERRA ELECTRIC 


CORPORATION 

15100 SOUTH FIGUEROA STREET 

BOX 85, GARDENA, CALIFORNIA 
Write for more information and catalog 


Edwards Company, Inc., Nor- White-Rodgers Co., 9797 Reavis 
walk, Conn. Road, St. Louis 28, Mo. 
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it’s a 
SNAP... 


WITH BUCHANAN 


SECTIONAL 
BLOCKS 


Supplied in preassembled 
lengths . . . you snap-off 
the desired number of con- 
tact sections .. . add an 
end section .. . and your 
block is complete. 


Buchanan blocks don’t 
waste circuits. They reduce 
material and installation 
costs and save space. Three 
sizes cover from #22 through 
250 MCM. Available in many 
contact and circuit identi- 
fication types, flat base or 
channel mounted. 


Buchanan blocks allow you 
to maintain a smaller inven- 
tory. You need only two parts 
for each size; this gives you 
increased production flexi- 
bility. Also, you have no 
loose contacts, bolts, wash- 
ers, nuts or other miscel- 
laneous hardware to worry 
about. 


Buchanan blocks permit you 
to put more circuits in avail- 
able space. Anchoring 


doesn’t increase length or’ 


disrupt circuit spacing con- 
tinuity. No space lost for 
intermediate mounting. 


Buchanan blocks are com- 
pletely covered in our new 
catalog B101. Write for your 
copy today. Learn all the 
reasons why so many users 
are turning to Buchanan... 


- the best in blocks. 
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BUCHANAN 


ELECTRICAL PRODUCTS CORPORATION 


o subsidiary of 


HILLSIDE, NEW JERSEY 


10 circuits in only 4-7/16” 
‘(Add 21/32” for each complete block) 


10 circuits in only 5-43/64” 
(Add 13/16” for each complete block) 


CHANNEL MOUNTING OPTIONAL 


3 circuits in only 3-37/64” 


. 


(Add 1-13/32” for each 


complete block) 


Fluorescent Fixture (6 


The 120-volt rapid-start Fairvie 
II fluorescent fixture with a Bonu 
Line ballast is listed by UL fo 
direct mounting to any ceiling. Thi 
approval means that the Fairvie 
II need no longer be spaced 14 in 
away from low-density ceilings. I 
is equipped with an internal non 
resetting thermal-protected ballast: 
Fixture is available in 4- and 8-f 
sizes for 120-volt rapid-start. 

Day-Brite Lighting, Inc., 6260 N. 
Broadway, St. Lowis 15, Mo. , 


Heating Units (7) 


The “Custom” line is a new con: 
cept in electric baseboard heating) 
units. Available in lengths from } 
to 8 ft, units are offered in watt 
ages from 500 to 2000, progres: 
sively, in four standard lengths. 
Units are prewired and feature 
“flipover design” so that either end 
can face left or right. A junction 
box is the only accessory needed 
with this series. Junction box also 
serves as a fixture for a thermostat 
or outlet. 

Arvin Industries, Inc., Columbus, 4 
Ind. a 


Exit Lighting (8) 
A new exit light, called “Lumes 
cent,” has been introduced. A fea- 
ture is its polyester-encapsulated 
cold light source provided by con- 
tinuous discharge, miniature glow 
lamps. Units are of ultra-shallow de- 
sign. Single face units are 148-in. 
thick, double face lights are 1% in. 
Frames and housing are of die-cast 
aluminum. Red lettering is standard 
for exit signs which have a metal ~ 
stencil face. Units yield a soft dif- 
fused light with illumination equal 
to 15 watts fluorescent or 50 watts 
incandescent. Standard units oper- 

ate on 105-125-volt supply. 
Prescolite Manufacturing Corp., 

1251 Doolittle Drive, San Leandro, — 

Calif. 


Hot and cold cable torture chambers... 


mean better cable for you. Our aim at Circle is not just to meet specifications, but to see 
how far we can exceed them. This is the job of our cable testing laboratory. 

High temperature aging... sub-zero freezing ...ozone... long-time water immersion 
...and many other tests are performed continuously to assure maximum cable reliability. 
Add to this Circle’s unmatched manufacturing experience and reputation for fast service 
and you'll see why Circle is the choice of so many cable users. For better cable at no extra 
cost specify Circle cable on your next job. 


CIRCLE WIRE & CABLE CORP. 


SUBSIDIARY OF CERRO CORPORATION 


PLANTS: Maspeth and Hicksville, N. ¥. SALES OFFICES & WAREHOUSES: In all principal cities. 
Rubber Covered Wires & Cables + Varnished Cambric Cables « Plastic Insulated Cables + Neoprene Sheathed Cables » “CIRTUBE” EMT 
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GAT 


SETS A RECORD 


hanging 2 acres 
of lights 


George Shafer, Gen. Supt., 
C. Berg Electric Co., 
Cleveland, Ohio says: 


“This GAT job gave us a neat, 
simple, good looking, safe in- 
stallation. GAT Macomber Joist 
Clips put wheels under this job, 
since all the hangers were pre- 
assembled on the ground; re- 
sulting in a much faster instal- 
lation which was easier on the 
men and resulted in a lower 
in place cost over any other 
method.” 


For use with plain 14” 
Rod. 


FOR BETTER Cat. No. 4-MAC-1 for 
: peg ans ae a 
throug and an - 

FASTENING Flanges Ye thru %2. 
TO STEEL Cat. No. 4-MAG-2 for V-Section 


Chords #9 and #12 through #19. 


USE GA T. Flanges %2" thru 4". 


Recommended static load limit 
200# with 4 to 1 factor of safety. 


GA FASTENER Div. | Stoo. rnoouers. me. 
@ ® 2070 EAST S10t PLACE ° CLEVELANO 3. OMIO 


GAT FASTENER DIVISION «+ ERICO PRODUCTS, INC. 
2070 EAST 61st PLACE ° CLEVELAND 3, OHIO 


CJ send sample 
() send descriptive sheet 
(_] send complete GAT catalog 


NA Se LE 
COMPANY —__ EE _— |=6CADDRESS 


GUY seer eee CON STATE 
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Limit Stop 


New P3875 crane safety limit ate 
eliminates the need for duplex 
switches for applications over 20! 
hp. The device is especially de- 
signed for safe operation of large 
frame 618-622 mill motors. Heavy | 
fords protection against shock and 
stress of crane duty. Used to pre 
vent overtravel of the crane hook | 
when hoisting, the P375 limit stop 
is provided with sealed and pre- | 
lubricated bearings. Its weather-) 
tight enclosure makes it suitable | 
for outside use. 

Cutler-Hammer, 315 North 12th 
St., Milwaukee 1, Wis. 


Circuit Breaker 


A new 2-pole, 120/240 volts 
breaker for 225-amp service has 
been added to this line of molded- 
case breakers. The breaker is 3 in. 
wide, 7 in. high and 38 in. deep 
overall. The EQ-225 breakers are 
designed for use as main breakers © 
in load centers, in panelboards, or 
for individual mounting in commer 
cial applications. They are ideal for 
single-phase, 3-wire applications in 


do not exceed 10,000 rms amps. 
Breakers are listed by UL in rat- 
ings from 125 through 225 amps. 
A quick-make, quick-break, trip- 
free operating mechanism is a ba- 
sic design feature. Mechanism also 
provides for common-trip operation 
so that an overload or a fault in 
either pole automatically opens 
both poles of the breaker. The EQ- 
225 breaker has pressure type con- 
nectors which will accommodate 
copper or aluminum conductors 
with a wire range of No. 4 to 300 
MCM cable. 

I-T-E Circuit Breaker Co., 1900 
Hamilton St., Philadelphia 30, Pa. 


| Luminaires 


(11) 

New internally ballasted mercury 
luminaires, designated Unistyle, 
are designed for high-level lighting 


of streets, highways and parking 
areas, operate horizontal clear- or 


| color-improved lamps rated 100, 175 


and 250 watts. Borosilicate refrac- 
tors provide uniform light distribu- 
tion in IES Type JI, Type III, or 


| Type II 4-way light patterns. These 


luminaires can be furnished with 


| or without photoelectric control re- 


ceptacles and are available with 
constant wattage or reactor ballasts 
for operation on 120/240-, 277- or 
240/480-volt systems. Features are 
interchangeable heat-resistant 
glassware; standard reflector for 
all light distribution patterns; and 
quick-release latches on both re- 
fractor and reflector. Adjustable 
slip fitter compensates for pole rake 
and can be mounted on either 14- 
or 2-in. brackets. 

Line Material Industries, 
Graw-Edison Co., 
Wis. 


Mc- 


Milwaukee 1, 


Heaters (12) 


A new line of infrared heaters 
can be permanently installed on 
walls or ceiling. They are designed 
for homes as well as commercial 
buildings and facilities. With a 
fused quartz heating element, the 
heaters have semi-parabolic back 
reflectors plus two end reflectors to 


| direct heat over a. wide area. In- 


stalled directly to an existing out- 
let box, the heaters are available 
with either a ceiling only mounting 


'or a ceiling and wall mounting. 


Listed by UL, units are thermal 
shock resistant. Units range from 
500 to 1450 watts in 110/120 volts 
and from 750 to 2000 watts in 220/ 
240-volt models. 

Meier Division, Lau Blower Go., 
3525 FE. Washington St., Indianapo- 
lis 7, Ind. 
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PROVED 
RELIABLE 


HOW DO YOU 
LIKE YOUR 


CONSISTENT HIGH QUALITY 


WITH SINGLE DOOR? 

And a choice of more than 60 standard models in stock to fill any need you 
may have including sizes 6” to 24” deep to accommodate even the largest 
control components! Hoffman was the first to build this type of oil-tight 
enclosure and is known for advanced, progressive engineering design. 


™ 


| TWO DOOR? 


_ Floor mounted and without center posts to simplify 
~ removalofinstrument panel. Twenty-fivestandard sizes 
up to 7’ in height immediately available from stock. 


OR WITH SIDE-MOUNTED 
DISCONNECT SWITCH? 


If you're looking for a 
match for the recently in- 
troduced Square D or 
Westinghouse disconnects, 
Hoffman's new NEMA 12 
enclosures are available in 
a number of sizes—and 
ready from stock! This 
combination provides per- 
fect protection for both 
personnel and equipment. 


MULTI-DOOR? 


Big handsome cabinets up to 15 
feet long made of 10 gauge steel 
with welded seams and sturdy in- 
side framework for rigid support. 
Available in 3, 4 and 5 door mod- 
els, gasketed to shut out oil, dust, 
water. Hoffman produces them in 
quantity to save you money. << y 


4 5 
eS 


AND HERE’S A NEW SLANT 
ON PUSHBUTTON BOXES! 


Slanted top panel for easy operation and 

readability. A welcome improvement— 
can you use it? Choice of 13 sizes 
in stock for fast delivery. 


ENGINEERING CORPORATION 
Dept. EE-181 ¢ Anoka, Minnesota 


t1,.HAS THE EXPERIENCE” 
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PROTECT 
SEMICONDUCTOR RECTIFIERS 
FROM DESTRUCTION 


Form 
Wie or 600 


a Aniptrap: 


~ 
Apr oes 
So, eee Ampirap 


Faults in 65/130/250/600 volt circuits in 

silicon or germanium (semiconductor) rectifiers can 
develop current that will destroy them in less 

than a single cycle. Conventional breakers and fuses 

are too slow to protect against such destruction. 

This is why Shawmut, in conjunction with 
semiconductor rectifier designers, long ago developed 

the Form 101 Amp-trap to specifically solve this problem. 


Interrupting tests in all power ranges show that 

Form 101 Amp-trap becomes current limiting at about 4 times its 
normal current rating. This means that Form 101 prevents 

peak current build-up long before it can become 

destructive. At the same time it acts slowly enough 

so that there are no resultant destructive voltage transients. 


The Form 101 Amp-trap is available in ratings ranging 
from 1 to 10,000 Amperes. The sooner you apply it to your 
power circuits, the sooner you'll get the kind of 

“solid” protection your semiconductor rectifiers 

deserve. Send for Power Bulletin 101. Do it now. 

© 1959 The Chase-Shawmut Co. 


amp-traPs — ~tunke “I Jhe Surteh 
THE CHASE-SHAW MUT co. 


374 MERRIMAC STREET + NEWBURYPORT, MASSACHUSETTS 
Subsidiary of |-T-E CIRCUIT BREAKER CO. 
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Luminaire 


A new horizontal crescent lumi- 
naire has been announced for rural 
and residential lighting. The body 
is cast aluminum, while the one- 
piece reflectors may be had in 
either porcelain enamel with stain-— 
less steel Edgeflectors, or heavy 
aluminum. The mogul socket takes, 
100- or 175-watt mercury vapor 


electric control if desired. Ballasts 
and components are pre-wired to a 
terminal block. Unit accepts stand- 
ard 12-in. pipe arm. ¢ 

Wheeler Reflector Co., Hanson, 
Mass. 


Fire Alarm System (14) { 


A fire alarm system developed to — 
serve as a fire detector in homes, 
farm buildings and business estab-— 
lishments has been introduced. 
Called the “Fire Watch Zoned | 
Alarm Systems,” it consists of a 
centrally located alarm panel con- 
nected to sensitive ceiling thermo 
detectors that are set to actuate 
when temperatures reach 135°F. 
The placing of detectors in any 
room or given area permits instant 
detection of a blaze and identifies 
its location on a central panel. In- 
cluded also is a pushbutton system 
to test proper functioning. A 6- or 
12-volt dry-battery-operated cut-out 
relay operates an outdoor bell or _ 
can be wired to shut off cabaoey 4 
fans. ; 

Slater Electric Inc., Glen Copel 5 

7. -. 


/ 


Grounding Devices (15) 


New 15-amp, 277-volt grounding 
devices have been designed to meet 
the expanded use of 277-volt light- 
ing in office buildings, industrial 
plants, large department stores, 
school, etc. The line includes 
grounding devices for both non- 
interlocking and interlocking type 
installations. The 3-wire Circlok 
line has been expanded to include 
the new 277-volt devices, including 
both grounding receptacles and ar- 
mored male caps. | 

Circle F Manufacturing Co., © 
Trenton, N. J. 


[Continued on page 294] 


CRITERION 


New LPI Criterion meets I.E.S. visual 
comfort recommendations employing 
unique new prismatic lens design 


Now U.L. listed for direct surface 


mounting on combustible, low- 


density cellulose fiberboard ceilings 


Here’s an attractive, completely luminous luminaire 
series by LPI that offers a choice of lighting environ- 
ment most suitable to the application. 


LPI’s Criterion I luminaire is engineered to provide 
optimum visual comfort where a high degree of bright- 
ness control is desired. This series alleviates direct glare 
in compliance with recommendations of the Illuminating 
Engineering Society. Its precisely controlled brightness 
complies with the LE.S. “scissors curve” recommenda- 


tions for visual comfort and permits arrangement of the 
luminaire either crosswise or lengthwise in a room 
regardless of the viewing angle. 


Where the application calls for higher illumination 
levels than provided by the Criterion I, LPI’s Criterion 
II fills the requirements. It offers excellent brightness 
control, but it is not designed to comply with the 
“scissors curve.” Both luminaire models utilize lamps 
up to 3100 lumens and are available in two-lamp and 
four-lamp-tandem models. 


For complete information on these attractive, modern 
luminaires write for LPI’s Criterion bulletin. 


Lighting Products Inc., Highland Park, Illinois 


FLUORESCENT 


LIGHTING 


LPI-1-201A 


Here is a tool 
that should be 
in every line- 
man’s and elec- 
trician’s kit... 
the new Klein 
Pump Plier. Made in three 
sizes, 10 in., 12 in., and 16 in. It 
is adjustable... each size is suit- 
able for many applications. 
The jaws are locked into place 
for the desired sized opening by 
engaging a tongue in the proper 
groove. Jaws cannot slip even 
under heavy pressure. 10 in. 
and 12 in. available with or 
without yellow plastic handles. 
16 in. supplied with yellow 
plastic handles. 
Write for Bulletin 1261 


oo KLEEN 


PUMP 


INCORPORATED 
7200 McCORMICK ROAD, CHICAGO 45, ILL 


Reader’s Quiz 


QUESTIONS from readers on problems of industrial equipment, installation, maintenance and 


repairs. Answered by electrical maintenance engineers and industrial electrical contractors 


out of their experience. 


High-Voltage Cable 


QUESTION X40 — I have come 
across varied opinions about the use 
of high-voltage shielded cables and 
the method of grounding. I would 
appreciate some expert advice. 

This type of cable requires care- 
fully made stress cones at each ter- 
mination and at each splice. Some 
people say that all stress cones must 
be grounded. Others insist that the 
shield of each cable run should be 
grounded at one point only, to pre- 
vent excessive stray currents to 
flow in the cable shield. In this case 
only the stress cone at the line side 
of the cable is grounded. The length 
of the cable runs varies from short 
pieces to several thousand feet, with 
splices in many manholes. A third 
opinion is that it is better to use 
unshielded cable. 

In the office there is usually very 
little or no information available 
about soil conditions with regards 
to stray currents, at job sites far 
away.—J.A. 


ANSWER TO X40—The use of 
high-voltage cable requires the in- 
stallation of stress cones at all 
splices for safety. All splices are a 
potential hazard to personnel, be- 
cause they are usually made up in 
the field; and if not done right and 


- under ideal conditions they may not 


be as good electrically as the rest 
of the unspliced cable. 

An ungrounded splice wrapping 
may develop a tendency to go to 
ground. And anyone coming into 
contact with the cable at the splice 


-will supply the ground path and 


could be electrocuted. It would be 
much better to have the splice 
shielded with a tinned all-copper 
mesh tape and grounded, so that 
any tendency to go to ground will 
cause the splice to blow up and be 
taken out of service by the auto- 
matic protective devices of the 
power system. : 

Several wire and cable manufac- 
turers have excellent pamphlets that 
show the proper splicing methods 
for various high-voltage cables.— 


Editor’s Note:—Specific NEC rules, 
which pertain to the subject at 
hand, are Section 710-5, Table 
710-5 and Section 710-6. These code 
rules state the conditions under 


For every question and every answer published we pay $5.00 — 


which rubber-insulated cables used q 


on systems over 600 volts should 
be provided with a metallic shield 
and how such shields should be 
grounded. However, several new de- 
velopments in the insulation field 


have made it possible to use non- 


shielded cables in applications pre- 


viously recommended for shielded ~ 
eables only. As a result, it is ad- 7 
visable to discuss any proposed © 


high-voltage cable installation with 
an application engineer of a wire 
and cable manufacturer, specializ- 
ing in this field—J.H.W. 


Cool-White 
Fluorescent Tubes 
QUESTION Y40—In a supermar- 


ket there is a row of 8-ft 2-lamp 
open fixtures with cool-white tubes. 


Some are 6 ft above an open meat 


display case. These were replaced ~ 
with a pink lamp as the meat people — 
claim cool-white or standard-white — 


lamps “bleach” the meat. 
1. Is this true or is it for color 


effect to fool the shopper (one — 


color in our store, another in your — 


kitchen) ? 


2. If the whites do bleach the . 
meat through the plastic wrapper, — 


do the pinks lower lumens or have 
different wave lengths?—E.R. 


ANSWER TO Y40 — Cool-white 
lamps produce light with a dom- 
inant band in the blue region in 
contrast with the tungsten lamp 
which is rich in the red and orange 
region. The cool-white lamp is ex- 
tensively used because of its higher 
lumen efficiency and a crisp psycho- 
logical effect. The pink lamp has a 
phosphor formula which provides 
for more light in the red region, 
however, the lumen efficiency drops 
off. The color reflected from the 
meat depends on the color quality 
of the light source. The shopper has 
associated a fresh red color as an 
indication of good meat; the pink 
lamp merely creates the color qual- 
ity the shopper is accustomed to; 
the light does not bleach the meat. 
Color is an important factor in 
lighting design. Imagine the effect 
if the light source was selected on 
the basis of lumen efficiency alone 
and mercury-vapor lamps were 
used.—A.W.C. 
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|} ANSWER TO Y40—The phosphor 
{ of the fluorescent lamp emits light 
' in the visible spectrum mainly. This 
| will not affect the color pigments in 

the meat. Dependent on the spec- 
i tral distribution of the emitted light, 

| however, the colors will look differ- 
‘}ent from daylight. Deluxe cool- 
i white is recommended by the man- 
' ufacturer, not to “fool” the shopper 
| but to give a color rendition as close 
j to daylight as possible. As to your 
second question: the pinks have 
|| different wave lengths insofar as a 
greater portion of the total visible 
| spectrum is in a particular region. 
/ Lumen output, however, is the in- 
i tegrated output for all the visible 
; light.—K.H. 


- eaermumRnneBRER As ios cabaetend 
| Can You Answer 


| These QUESTIONS? 
QUESTION G41—We have recently 


| encountered a rather interesting 
| problem in the design of a power 
| distribution system. We submitted 
to a client the design of a 3-phase, 
| 4-wire distribution system with the 
neutral grounded at the trans- 
| former, but the neutral was not 
grounded at the individual power 


plant structural steel was bonded 
and adequately grounded. 

| However, they insisted that the 
| neutral be grounded at every power 
‘and lighting panel. 

| Will someone please explain the 
advantages or disadvantages of the 
method required by our client. Fur- 


|ther, what is the current trend in 


this area?—J.A.M. 


| QUESTION H41—In our plant, we 
| have small power packs which gen- 
erate about 8000-volts direct cur- 
rent for static precipitators in our 
air conditioning units. The tubes 
and other electronic components are 
mounted on insulating board, which 
lately has become conductive. Dis- 
charge between the high-voltage 
tube sockets and other devices and 
the grounded metal case is taking 
place and the precipitator grid does 
not receive the full voltage. 
Is there any way to treat the in- 
sulating board to establish the orig- 
inal insulating value?—E.C.T. 


QUESTION J41—What is a Fara- 


day shield and how is it used?— 
iB. 


PLEASE SEND IN 
YOUR ANSWERS BY JUNE 15 


|and lighting panels. The entire — 
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OF VALUE 


Most Complete Line in Industry 
Over 900 Standard Form G Motors 
Available From Your G-E Distributor 


Cutaway of General Electric NEMA 48-frame capacitor-start motor 
shows durable construction of Form G motor design. 


It’s easy to get the motor you need—when you need it— 
from your General Electric distributor. 

General Electric offers you over 900 standard NEMA 
48- and 56-frame Form G models—the most complete 
line available. They come in nearly every rating, enclo- 
sure and mounting used in domestic, commercial or 
industrial applications. 

And, when you choose from this motor line you get 
the added benefit of field-proved performance. Over 
22 million Form G motors are providing dependable 
power in thousands of applications. 

There’s one of these G-E motors built for your job. 
Get it from your local distributor. For more information, 
circle number 4 on the G-E post card on a following page. 

615-04 


GENERAL GD ELECTRIC 


CONTROLETTE 


The modern portable, 
“packaged, self-contained 
lighting control 


The new Controlette is a marvel of 
compactness and versatility. The 
largest model made measures 23” x 
20" x 21” without stand. Numerous 
types of output connections and re- 
ceptacle panels are yours for the 
choosing to meet specific job require- 
ments in schools, churches, theatres, 
restaurants—in any small installa- 
tion. Controllette control units can 
be ordered with 3, 4 and 6 individual 
2.5KW VARISTATS® or 3—6.6KW 
RADIASTATS®, Installation is easy. 
Operation is simple. 

; “Get all the facts about 
advantages of Control- 
ette from your Electrical 
Wholesaler today. 


2.8 


RESULT-ENGINEERED CONTROLS 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS ¢ RHEOSTATS « RELAYS « CONTROLS + DIMMERS 
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Questions on 
The Code 


Answered by: 


R. L. LLOYD, Electrical Safety Engineer, National Bureau of Standards, Wash- 


ington, D. C. 


2 


B. Z. SEGALL, Consulting Electrical Engineer, New Orleans, La. 
R. E. WARD, Chief Electrical Inspector, Insurance Department, State of Tennessee, 


Nashville, Tenn. 


READERS are invited to submit questions regarding the National Electrical Code and its 
practical application to this Department. Questions-are answered by the consulting editor 
whose initials appear at the end of each item. The views and opinions expressed are, 
in each instance, those of the individual consultant replying and are not necessarily those 
of his employers, of this publication or of a Code-making committee or panel on which he 


may serve in an official capacity. 
Wiring Gas Pumps 
In the wiring for a gasoline 


Q. pump that will serve only 
company equipment, such pump 
would be located within the fenced- 
in night parking area on company 
property immediately adjacent to a 
company warehouse of masonry 
construction. There are no open- 
ings in the building wall within 25 
ft of the proposed gasoline pump 
location. The circuit for the pump 
wirtng is to be run from the serv- 
ice equipment located inside the 
warehouse building to a point inside 
the building wall, then through the 
building wall to an outside weather- 
proof switch or breaker located and 
secured to the masonry wall near 
the pump location. Such switch or 
breaker would be located 7 ft from 
ground level, and such that can be 
locked in the open position as it will 
be necessary for truck drivers to 
obtain gasoline that will not have 
access to the main service equip- 
ment. The method of wiring will be 
rigid metal conduit with a seal be- 
low the weatherproof switch or 
breaker in the raceway going to 
the pump. There will be another 
seal at the pump according to the 
requirements of the code. Conduc- 
tors will be THW from service 
equipment to outside switch or 
breaker. Conductors from switch or 
breaker to pump conréction will be 
approved for use in Class I, Divi- 
sion 1 location, as is outlined in 
Section 501-138. 

Due to the fact that the switch 
or breaker on wall of building is 
less than 20 ft from the gasoline 
pump, does the code require the 
switch or breaker to be explosion- 
proof, and the conductors entering 
such device to be approved for 
Class I, Division 1 location?— 
R.S.M. 


é 


A From the statement given 
e in your letter, my answer is 
no to both parts of your question. 
According to your statement there 
is no opening in the building wall 
for a distance of 25 ft. Therefore, 
the building is suitably cut off from 
the hazardous area. Your switch 
or breaker is located at a 7-ft level, 
which will be out of the hazardous 
area. Seals and approved conduc- 
tors are provided in the hazardous 
area. Therefore, I will say your in- 
stallation when completed according 
to Article 514 should be acceptable. 
—R.E.W. 


Grounding With 


NM Cables 
Q In the wiring for a recep- 
e tacle that is to supply an ap- 
pliance having 115/230-volt require- 
ments, with a requirement for 
grounding, the method of wiring ts 
non-metallic sheathed cable,’ re- 
quiring four conductors—two wun- 
grounded conductors, a neutral con- 
ductor and a grounding conductor. 
Can two runs of 2-wire cable be 
installed to meet ccde require- 

ments ?—W.B.R. 


A My interpretation would be 
e yes when the requirements 
as outlined in Section 200-7, Excep- 
tion No. 1, are followed, including 
the explanation given in the fine 
print note which is as follows: 
“Identified Conductor ir 
Grounded Circuits Only. Condue 
tors having white or natural gray 
covering shall not be used othe: 
than as conductors for which identi. 
fication is required by Sectior 
200-2, except under the followings 
conditions, and then only wheres 
they are, in other respects, suitabl 
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“for use as ungrounded conductors 
n the circuit: 

' “Exception No. 1. Identified con- 
jluctors, rendered permanently un- 
‘dentified by painting or other effec- 
tive means at each outlet where the 
jsonductors are visible and accessi- 
/yle, may be used as unidentified con- 
ductors.” 

| (Fineprint note) “The foregoing 
‘permits the use of 2-wire cable hav- 
(ing one black and one white con- 
‘ductor on 2-wire circuits tapped 
from the outside legs of a 3-wire 
“system or any two conductors of a 
‘multi-wire system where the identi- 
‘fied conductor of the 2-wire cable is 
‘rendered permanently unidentified 
jat terminals.” 

| In the fineprint note no mention 
‘is made with reference to identifi- 
jeation of the grounding conductor; 
however, mention is made of the 
‘grounding conductor under Section 
10-5, subject being “Color Code,’’ 
‘and the following is the last para- 
jgraph of the above-mentioned sec- 
jtion. “Any conductor intended 
solely for grounding purposes shall 
be identified by a green color unless 
jit be bare. Conductors having a 
green covering shall not be used 
for other than grounding pur- 
‘poses.”—R.E.W. 


Double-Pole Switches 
for Two Circuits 


Q In a public building, inside 
e restrooms are to be equipped 
\with a small ventilating fan and one 
incandescent light in each restroom, 


base lampholder. Specifications for 
the installation of the fans and 
lights are as follows. There will be 
‘a total of four restrooms with the 
four lights on a 20-amp branch cir- 
cuit and the four fans on another 
20-amp branch circuit, with the 
light and fan for each restroom 
controlled by a double-pole toggle 
switch of sufficient size to carry the 
load and located inside the restroom 
‘at the door. This will assure the 
operation of the fan when the light 
ts turned on and off. 

Is there a code violation in the 
wiring of the toggle switch when 
the circuit conductors to such 
switch could be of opposite polarity 
with 230 volts between circuit con- 
ductors in the switchboz or enclos- 
ure ?—W.B.R. 


Your question is one that I 

e am sure there could be a dif- 
ference of opinion. My answer is 
that there is no code violation, and 


the light outlet to be a standard” 


Baie YEAR 
VALUE 


Forget Short-circuit Worries, 
Let CLF Fuses Protect Your 
Electrical Power System 


Don Herbert shows the new, smaller 
Class J CLF fuse which cuts your 
space requirements. Available in 
all ratings from 3 to.600 amps, 
600 v AC, the Class J virtually 
eliminates the need for short-circuit 
calculation—avéids component ob- 
solescence due to later system 
changes. 


You can forget short-circuit worries with the 200,000 rms 
symmetrical ampere interrupting tested rating of CLF 
fuses. As your electrical distribution system changes and 
expands, CLF fuses continue to give you reliable pro- 
tection. You retain your system’s flexibility. You have 
current limiting protection instead of damaged equip- 
ment. CLF fuses do not age as conventional fuses do. 
This ends nuisance blowing. Contact your local G-E 
distributor for CLF fuses, the complete family of pro- 
tection: ratings from 3 to 4,000 amps. And, for more 
information, circle number 7 on the General Electric 
postcard on following page. 615-07 


*CLF is a trademark of the General Electric Company. 
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: McGIL LS WITCHES 
: 


0800 Series 


1901 Series 


No. 44PL 


| No. 57 


McGill switches are built better to last longer! 

. and performance records of McGill 

: switches prove that they do last longer. 

: Thousands of No. 41 LEVOLIER switches, 
for canopy controlled lighting, are still in use 
today as testimonial of the McGillreputation 
for quality. The No. 41 switch is uncondition- 
ally guaranteed in lighting circuit use. The 

. McGill line today provides toggle, momen- 

tary contact, rocker, push-button, canopy 

and many special switches to meet the needs 
of modern circuit control. Every McGill 


. switch is built to the same high standards For complete informa- 

. k = tion on McGill switches, 

. of quality .. . the kind of quality that pays sockets, lamp ‘changers 

for itself many times in savings on main- Cilee Mice oc caine 
tenance and ‘‘down time.’’ Demand the best. No. 84. 


Demand McGill switches, 


mi electrical produets a wee 
Available From Your Electrical Wholesaler D> cs fe id i a 
Mm precision needle roller bearings 


McGill Manufacturing Co., Inc., Electrical Div., 450 N. Campbell St., Valparaiso, Indiana 
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I base my statement on the follow 
ing. Paragraph 210-6(a) states i 
part “The voltage to ground o 
branch circuits supplying lamphold 
ers, fixtures, or standard recet 
tacles of 15-amp or less rating sha 
not exceed 150 volts, except as fo! 
lows: ...” Your voltage to groun 
does not exceed the 150 volts sup 
plying either lights or fans, a 
though voltage between conductor 
in the switch enclosure could excee 
the 150-volt limit. However, n 
mention is made of switch enclos 
ures. 

Paragraph 210-6(b) concern 
voltage between conductors i: 
dwelling occupancies, and no men 
tion is made in the code of a con 
dition such as you describe. I 
other words, the switch enclosure i 
not mentioned, and this section per 
tains only to dwelling occupancie 
if such were mentioned. 

Therefore, in my opinion, Sectio: 
210-6 does not prohibit an installa 
tion such as you describe. Sna’ 
switches of the ac-de types usuall 
earry both 125-volt and 250-vol 
ratings, and in such instances, th 
amperage rating at 250 volts is one 
half of the rating at 125 volts. Be 


sides this, the switch rating mus 


be large enough to handle twice th 
current rating of any motor (0 
other inductive load) it controls. 
On the other hand, ac general 
use snap switches with a dual rat 
ing of 120/277 volts could be use 
at the single full-load ampere ratin: 
of the switch for lighting loads, ani 
80% of the rating for motors no 
exceeding 2 hp.—R.E.W. 


Motor Controllers 
and Disconnects 


Q Article 430 of the code/per 
© tains to motors and moto 
controllers. Part G of this articl 
as “Motor Controllers” and Part F 
is “Disconnecting Means.” 

Would an installation wired ii 
accordance with Paragraphs 430-8) 
(a) or (b) meet code requirement 
as the disconnecting means for | 
motor of over 2 hp and not over 5 
hp?—M.K.D. 


A In Section 430-102 it i 
e stated that “the disconnect 
ing means shall be located in sigh 
from the controller location or b 
arranged to be locked in the ope 
position.” And Section 430-10 
states that “the disconnectin; 
means shall disconnect both th 
motor and the controller from a! 
ungrounded supply conductors. Th 
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pense 


disconnecting means may be in the 
same enclosure with the controller.” 
Under Section 43C-86, which per- 
tains to motor controllers, it is 
stated: ‘Where a motor and the 
driven machinery are not in sight 
from the controller lovation, the 
controller shall comply with one 
of the following conditions: (a) 
The controller or its disconnecting 
means is capable of being locked 
in the open position, unless special 
permission is given by the author- 
ity enforcing this code. (b) A man- 
ually operable switch, which will 
prevent the starting of the motor, 
is placed within sight from the mo- 
tor location. This switch may be 
placed in the control circuit of the 
magnetic controller.” 

As to paragraph (a) of this sec- 
tion, my interpretation would be 
‘that the disconnecting means would 
be according to Part H of Article 
430. In other words, the disconnect- 
ing means must be approved for 
the purpose. If the controller and 

‘its disconnecting means are at the 
same location, either the controller 
or the disconnecting means could be 
capable of being locked in the open 
position. If the disconnecting means 
is not located in sight from the con- 
troller, it would be necessary for 
the disconnecting means to be 
locked in the open position to sat- 
isfy Section 430-102. On the other 
hand, it should be noted that special 
permission could be given by the 
authority enforcing the code to 
waive this requirement. See Para- 
graph 430-86 (a). 

Under Paragraph 430-86 (b) the 
manually operable switch inserted 
in the control circuit of the mag- 
netic controller would not, in my 
Opinion, satisfy code requirements 
for the disconnecting means. This 
switch would be an extra precaution 
for the protection of a person who 
would be working on the machinery. 
A control station with an approved 
disconnecting means would be re- 
quired in addition to this switch. I 
have in mind motors that drive ma- 
chinery in feed mills or like instal- 
lations. In such cases, the discon- 
necting means and controllers are 
remotely located from the motors 
that operate machinery. When it 
is necessary that attendants work 
on such machinery, it is very im- 
portant that such machinery cannot 
be operated. 

To summarize your question, it is 
my opinion that a motor should 
have an approved disconnecting 
means according to Part H of Arti- 
cle 430. Such a disconnecting means 
should be located in sight from the 
controller location or be arranged 


BANNER YEAR 
OF VALUE 


G-E Reversible-wiring 
Safety Switches Slash Cable 
Costs and Installation Time 


" GENERAL 
ELECTRIC 
ELIMINATES 
SURPLUS 
CABLE 


OLD WAY NEW WAY 


Save up to $30 on cable cost with new General Electric 
reversible-wiring safety switches. Based on typical 
conductor costs for a 3-pole 600 amp/600 volt G-E 
switch installation using 350MCM conductor, you 
save $30.60 on cable cost alone—36!2 feet of heavy 
cable, plus the time and labor to bend and install it. 
On some installations, Codes prevent looping inside the 
switch, which means even more expensive gutter runs. 
G.E. eliminates looped cable and the danger of wire 
abrasion inside the box. Switches are available with 
line lugs factory installed at bottom, or for field in- 
stallation. The normal ON-OFF indication remains 
unchanged. 

Ask your distributor about G-E reversible-wiring 
safety switches during the Banner Year of Value, 
and circle number 2 on the G-E postcard on a following 
page. 615-02 
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pipe extends legs for any height desired 
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try this 
BENDER 
on for size 


Conduit or Pipe 


Yo" 


%." Condvit or Pipe 


” 


Conduit or Pipe 


No. 5200 


6%," 


1%” Conduit or Pipe 


1 VA ” 8 “% ” 


*///ustrated 


Conduit or Pipe 


Now... you can have the most convenient working height 
when you need it... where you need it. 


For SIZE... WEIGHT and HEIGHT you won’t find 
another bender that will compare with the on-the-job capa- 
bilities of the Lidseen “Chicago” Bender. This rugged, port- 
able, simplified machine ts of all welded steel construction. 
There are no loose parts to be lost or misplaced and the 
only maintenance is an occasional drop of oil. This im- 
proved Lidseen Bender is lighter in weight, at least twice as 
fast as hydraulic and bends Aluminum or Steel Conduit 
equally well. And Price? Eminently reasonable... ask the 
electrician who is using one; he will tell you it’s the finest 
tool available. 


Write for NEW fo/der on 


How to Bend Conduit 


1070 FIRST STREET, HAYESVILLE 
NORTH CAROLINA 
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LIDSEEN OF NORTH CAROLINA, ING 


to be locked in the open position. 
And when a motor and the driven 
machinery are not in sight from 
the controller location, the control- 
ler shall comply with either para- 
graphs (a) or (b) of Section 430- 
86, and this speaks only of the con- 
troller and does not take the place 
of an approved disconnecting 
means.—R.E.W. 

Editor’s Note—Since the “special 
permission” clause of Paragraph 
430-86 (a) is mentioned in this dis- 
cussion, it is significant to note 
that this clause may not appear in 
the 1962 Code edition. The informal 
report of CMP No. 11 indicated at 
the recent NFPA meeting in De- 
troit that the special permission 
mentioned in the code rule in ques- 
tion served no useful purpose and 
should be deleted. However, until 
the panel’s recommendation is for- 
mally adopted and included in the 
1962 Code, the authority enforcing 
the code is in the position to permit 
alternates to the requirements of 
present Paragraph 430-86 (a).— 
J.H.W. 


Aluminum Conduit 
Service Masts 


Q Can aluminum conduit be 
© used for service-entrance 
masts ?—R.B.J. 


Your question is one that is 
e not directly answered by the 
NEC. 

According to published informa- 
tion from the Rome Cable Division 
of Alcoa, Pittsburgh, Pa., a similar 
question has been asked and the fol- 
lowing is their answer: “If you 
guy the aluminum or strap it to a 
pole (it should be satisfactory). 
Don’t use it unsupported as you 
would a steel pipe, however, as it 
might bend under a very heavy 
load.” It is also stated that “the 
comparable strength of mild steel 
used for conduit has about 45,000 
p.s.i. ultimate strength, with about 
20% elongation, compared to 22,- 
000 p.s.i. and 20% for aluminum.” 

In the State of Tennessee we 
have printed state regulations re- 
lating to electrical installations. 
This regulation is based on the 
NEC, and items not covered in the 
regulation are the same as the cur- 
rent edition of the NEC. Under 
Services, Item 38 of the state regu- 
lations reads as follows concerning 
your question: 

“Buildings of low-wall construc- 
tion or buildings with excessive 
overhang may use the telescope- 
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type service extending above the 
roof of such building to obtain 
proper clearances of conductors. 
Risers shall be rigid conduit of cor- 
rosion-resistant material, minimum 
size 2 in, extending a minimum of 
3 ft above roof. (Due to local re- 
quirements in some areas, check 
above with local inspector or power 
distributor before installation is 
made.) (Where aluminum conduit 
is used, anchoring with brace will 
».be required.)”—R.E.W. 


Hospital Wiring 
‘Methods 


Q In a small hospital or clinic 
© of one story with adequate 
_ exit ways to ground level, the 
method of wiring that has been 
~ specified for corridors and patient 
rooms. is non-metallic sheathed 
cable. Operating rooms, delivery 
rooms and anesthesia storage loca- 
tions are specified as metallic race- 
ways according to NFPA No. 56 
and the National Electrical Code. 

Does the NEC prohibit the use of 
non-metallic sheathed cable in the 
areas specified when properly in- 
stalled ?—J.F. 


No. It does not. There are 
e certain locations such as you 
mention that the method of wiring 


specified is other than non-metallic . 


sheathed cable. Before the instal- 
lation is made a check should be 
made to determine whether or not 
such hospital or clinic is in a re- 
stricted fire zone, or if there is a 
local ordinance or local requirement 
prohibiting the use of the material 
specified.—R.E.W. 


Multiple Fuses 


Q I have am instaliation call- 
© ing for a 1200-amp service 
switch with the switch specified 
having fuses of 600 amps in mul- 
tiple. This being our first switch 
of such design to be specified, can 
such be approved as meeting code 
requirements ?—S.R. 


Yes. Section 380-17 states: 
e “Multiple Fuses. Switches 
rated above 600 amps may be ar- 
ranged for fuses in multiple pro- 
vided as few fuses as possible are 
used and the fuses are of the same 
type and rating and are so mounted 
as to eliminate a potential differ- 
ence between the terminals of the 
fuses.”—R.E.W. 


New G-E 100-amp Busway 
Costs 25% Less Installed 
Than Wire and Conduit 


If you can do the job with exposed wire and conduit, 
you can now do it better for less with/G.E.’s 100-ampere 
busway. With Type DH busway you can save as much 
as 25 cents on every installation dollar and get plug-in 
flexibility as well. 

Type DH—rated 100 amperes, 3-wire, single- or 3- 
phase, or 4-wire, 600 volts—serves as either a plug-in 
or feeder system. It makes 18 outlets available in every 
10-foot length. It may be tapped by circuit breaker, 
fusible or no-fuse plugs. Small, light and sturdy, it can 
be installed with a single screwdriver and one pair of 
hands. It can be modified, extended or taken down and 
re-installed in another area with complete re-use of 
all parts. 

Ask your G-E distributor or representative for details 
during the Banner Year of Value, and circle number 10 
on the G-E postcard on a following page. 615-10 
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PLM Type 
ACS Terminator | 


~_— GASKET 


STRUCTURE 
LOCKNUT 
INSUL BUSHING 


There’s a 


fitting to fit the job! 


Installing armored cable where conditions call for moisture-tight terminators? 
There’s a PLM fitting to fit the job—as well as others to fit almost any other 
type of indoor or outdoor mounting requirement! 


PLM terminators for armored cable, and PLM terminating and splicing kits 
for armored, non-metallic jacketed and lead-covered cable through 23 ky, 
can simplify and speed up any cable installation and repair. Get full informa- 
tion on thesetime and money saving PLM products. They are fully described 
in PLM 52-page catalog 301. Write for copy on your letterhead. 


TERMINATING AND 
Le ACCESSORIES 


3875 WEST 150th STREET e CLEVELAND 11, OHIO 
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Grounding Portable 
Equipment 


Q Presently we are planning a 
e change-over in our electrical 
equipment and improvement for 
safety, and are under the impres- 
sion that our electrical circuit is 
the safest for our kind of applica- 
tion, but discussions with several 
engineers lead us to believe dif- 
ferently, yet with doubt. Therefore, 
it is hoped that you can assist in 
making a decision as to the method 
of electrical installation which 
would be best suited for the follow- 
ing situation: 

Method 1-A 45-kw, 208-volé port- 
able generator, is feeding a rubber- 
tired cement vehicle, operating in a 
metallic pipe underground, through 
an 800-ft-long drop cord. This is a 
3-phase, 4-wire system, with the 
fourth wire a dead-metal equipment 
ground leading back to the gener- 
ator. Additional grounding is ob- 
tained by grounding the cement 
vehicle to the metallic pipe. The 
pipe, generator and white neutral 
are all grounded on a driven stake 
separately. 

This system is now in question 
as to whether or not tt is in the best, 
of electrical engineering practices. 

Method 2 would put all conditions 
the same as Method 1, with the 
exception there would be no ground 
wire or grounding of any kind in- 
stalled or could be considered iso- 
lated. 

Which system would be preferred 
for the situation we present?— 
Tig ld 


| In answer to your question 
e the following comments are 


made. As I understand your state- — 


ment, the 45-kw portable generator 
is installed at some point outside 
of a large underground metallic 
pipe. This generator supplies a 
3-phase motor-operated rubber - 
tired vehicle that is guided through 
the pipe by an operator. Method 1 
is what you now have, and your 
question concerns whether or not 
to change from Method 1, which is 
a grounded system, to Method 2, 
which is an isolated system. 
Section 445-8 of the code requires 
that “if a generator operates at a 
terminal voltage in excess of 150 
volts to ground, the frame shall be 
grounded in the manner specified 
in Article 250. If the frame is not 
grounded, it shall be permanently 
and effectively insulated from the 
ground.” It would seem to.me that 
the latter part of this rule would 
be hard to accomplish; therefore, 
the grounding would be required. 
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The latter part of the definition 
of voltage to ground in Article 100 
states “in ungrounded circuits, the 

greatest voltage between the given 
conductor and any other conductor 
of the circuit,’ and when the 
grounding is removed as is outlined 
in Method 2, the voltage would ex- 
ceed the 150 volts mentioned. In 
addition to this observation one 
must consider the provisions of 
Paragraph 250-45 (d), which in my 
-opinion would require the ground- 
ing of the motor frame attached to 
the rubber-tired vehicle that is op- 
erated inside of the underground 
metallic pipe, and the grounding of 
this portable apparatus must be ac- 
complished by the provisions of 
Section 250-59. To accomplish this 
and to provide a path of low im- 
pedance, I would strongly recom- 
mend the use of a 4-wire portable 
cord with one of the conductors 
used as a grounding conductor. As- 
suming that the generator is wye- 
connected, the neutral should be 
bonded to the generator frame and 
connected to a driven ground. In 
addition, the driven ground should 
be bonded to the underground 
metallic pipe with all metal parts 
and raceways bonded together.— 
R.E.W. 


Appliance 
Branch Circuits 


Q In a@ single family residence 
e a disposal unit is installed 
at the kitchen sink. Such disposal 
unit is cord connected and supplied 
from a grounding-type receptacle 
on an individual 20-amp circuit. 

Can this circuit be counted as one 
of the circuits required under 220- 
8(b) 2—A.B.G. 


No. Paragraph 220-3(a) 
e states: “For lighting, and 
for appliances, including motor- 
operated appliances, not specifically 
provided for in Paragraph 220-3- 
(b), branch circuits shall be pro- 
vided for a computed load not less 
than that determined by Section 
220-2.” 

Under Paragraph 220-3(b) it is 
stated: “For the small appliance 
load in kitchen, laundry, pantry, 
dining-room and breakfast-room of 
dwelling occupancies, two or more 
20-amp branch circuits in addition 
to the branch circuits specified in 
Paragraph 220-3(a) shall be pro- 
vided for all receptacle outlets 
(other than outlets for clocks) in 
these rooms, and such circuits shall 
have no other outlets.”—R.E.W. 


Four Outstanding Features Make 
New General Electric QHT Line 
Your Best Transformer Buy! 


Check these four important features of General Electric’s 
brand new line of QHT transformers, and you'll agree 
that they are the best dry types you can buy. Here’s why: 
1. New units meet new UL requirements for installation 
with any standard cable including 60C cable. You can 
hook up QHT transformers with low-cost, readily available 
cable—unrestricted by cable compartment temperatures. 
2. Up to 10 decibels quieter than previous QHT designs, 
these new units meet or beat recently revised ASA, NEMA 
sound level standards. In many ratings these units are 5 
to 10 db quieter than ASA-NEMA requirements. 

3. Bonus voltage tap range is provided on new QHT 
transformers rated 30 kva and up. Four 24% taps below 
normal and two 214% taps above allow you to use the 
same transformer even if your line voltage levels change at 
some future date. 

4. Versatile clamp-type connectors on Type H transformers 
make hook-up faster and easier than ever before. New 
connectors will accommodate either copper or aluminum 
cable. 

For more information about new General Electric QHT 
transformers, contact your G-E distributor or sales repre- 
sentative. He’ll be glad to give you full details. Or, simply 
circle number 9 on the G-E postcard on a following page. 

615-09 


GLOBE OFFERS — 


two new INTERCHANGEABLE trays 
for support of cables, wiring and tubing 


® Engineered for uniform design and easy installation 
© Complete accessories for SPEEDIER installation 
® Steel or aluminum construction 
@ No sharp edges to damage 

cables 
@ Complete inter- a = SF 4 
changeability ? = 


CABLE-STRUT 
% ps Type 


GLOBETRAY 
Ladder Type 


Now, for the first time, two types of 
cable trays, one a ladder type and the © 
other a basket type, are available to be % 
used INTERCHANGEABLY at any 
given location, depending on the type 
and weight of the cables to be suspended. The aavantaees of each type 
tray can thus be used to the fullest extent. Globetray, the ladder type, 
is intended for use where festooning is not a problem, while Cable-Strut, 
the basket type, is intended for the support of communication wire, 
instrument tubing and control cables in automation applications. 

These two cable trays have been thoroughly field tested in hundreds 
of large industrial installations, in new plant construction, in power plants, 
in modernization, and for power distribution in all types of manufac- 
turing processes. A new catalog, just off the press, gives full information 
and installation techniques. Ask for your FREE copy today. 


Distributors are to be found in ell principal cities— 
consult the yellow pages in your phone book under 
“Gratings” or “Conduits” for the one nearest you. 


4032S. PRINCETON AVENUE, CHICAGO 9, ILLINOIS 


Services for 
Mobile Homes 


Q According to Publication No. 
© 501-B of the National Fire 
Protection Association, Chapter 4, 
relating to electrical systems and 
equipment for mobile homes and 
travel trailers, a mobile home or 
travel tratler may have disconnect- 
ing means of not less than 50 amps 
where such mobile home is to be 
used the same as a one-family dwell- 
ing with sleeping, cooking and sani- 
tary facilities. If the demand of 
such mobile home or trailer is in 
excess of 50 amps or if a separately 
metered appliance ts installed, a sec- 
ond service disconnecting equip- 
ment shall be installed and supplied 
by a second supply cord. 

When a mobile home or trailer 
requires a service in excess of the 
two 50-amp disconnect means as 
mentioned above, what method of 
installing such disconnecting means 
shall be used?—C.K. 


A In Chapter 4 of the above- 
e mentioned standard under 
general requirements it is stated: 
“All electrical equipment and ma- 
terials shall be approved and in- 
stalled in accordance with the re- 
quirements of the NEC except 
where specifically modified by this 
standard.” I am sure there will be 
certain cases where mobile homes 
or trailers will be used for special 
purposes, such as coin-operated 
laundry establishments where 
washing and drying are done elec- 
trically, where the two 50-amp serv- 
ice disconnects will not be of ade- 
quate size for the connected load. 
Such installations will of necessity 
be treated on individual basis, and ~ 
my opinion would be that the NEC 
should be followed in such instal- 
lations, with the requirements ‘of 
Chapter 4 of 501-B being adhered 
to as to the requirements that are 
different or in addition to the re- 
quirements of the NEC. 

As an example, it is stated that 
the disconnecting means and 
branch-circuit protective equipment 
shall contain a solderless type of 
grounding connector or bar for the 
purpose of grounding. The neutral 
bar termination of the grounded 
circuit conductors shall be insu- 
lated. In other words, should an 
installation require a 200-amp serv- 
ice the above requirements for the 
grounding connector and the insu- 
lated neutral bar would be followed 
the same as in a 50-amp installa- 
tion. 

The State of Oregon has recently 
enacted requirements for electrical 
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systems and equipment in trailers. 
Their requirements state “that 
trailers requiring over 100-amp 
supply shall be supplied overhead 
through a mast and four conduc- 
tors, one of which shall be the 
| grounding conductor.” This is in 
line with the requirements of Sec- 
tion 501-B which requires a ground- 
ing conductor for each supply cord. 
Ordinarily, the supply cord will 
have two ungrounded conductors, 
an insulated neutral conductor and 
a grounding conductor. It is pro- 
posed that the electrical require- 
ments for mobile homes and travel 
trailers be incorporated in the 1962 
edition of the NEC.—R.E.W. 


Grounding-Type 
Receptacles in Trailers 


Q In the National Fire Protec- 
e tion Association Publication 
No. 501B, Standard for Fire Pre- 
vention and Fire Protection in 
Mobile Homes and Travel Trailers, 
published in May 1961, under Item 
462 the following is recorded: “All 
convenience outlets shall be ground- 
ing type.” 

In the making of the above re- 
quirement, was it the committee’s 
opinion that the trend is for 
grounding-type receptacles to be in- 
stalled in all occupancies?—H.M.B. 


Yes. The writer is a member 


e of the committee on Trailers 
and Trailer Courts, and it was the 
opinion of the committee that 
within a few years time ground- 
ing-type receptacles will be stand- 
ard for all occupancies. This think- 
ing is in line with recommendations 
that have been made for the 1962 
NEC. 

There are many valid reasons for 
the use of grounding-type recep- 
tacles, some of which I call to your 
attention as follows: The ground- 
ing-type receptacle will accommo- 
date 2-wire attachment plugs that 
are standard today. Appliances and 
devices equipped with 3-wire cord 
and grounding-type attachment 
plugs cannot be used in standard 
receptacles without the use of an 
adapter. Therefore, by using the 
grounding-type receptacle, appli- 
ances, devices and lamps may be 
used with either type receptacle. 

Under our present code, ground- 
ing-type receptacles are required 
under certain conditions while 
standard receptacles may be used 
in many places. When both types 
are used it simply means that the 
electrical contractor, the jobber, 


BaNNeR YEAR 
OF yvVALUE 


Whatever your measurement needs . . . 


General Electric 
Quality Instruments 
Are Your Best Buy 


These quality General Electric instruments are avail- 
able for immediate delivery from your nearby G-E 
distributor. Whatever your measurement needs, he can 
help you select the particular instrument best suited for 
your applications. 

This broad range of instruments includes a full line of 
direct-acting ink and inkless Recorders featuring 
exclusive hook-on portables for load surveys, power 
distribution studies and many other in-plant and out- 
side uses /portable, hand-held Hook-on Indicators which 
give you a quick check of up to six parameters with 
the flick of a switch /High Accuracy Portable indicators 
for the precise checking of electrical quantities /Time 
Switches for automatic, all-weather on-off time control 
and a full line of Time Meters featuring distinctive, 
BIG LOOK styling. 

Ask your distributor about quality G-E instruments 
during the Banner Year of Value, and circle number 5 
on the G-E post card on a following page. 615-05 
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The quality line with the built-in 
money-saving benefits 


Rugged, durable, easy to maintain, 
installed for less — these are some 
of the many advantages engineered 
into Joy electrical connectors, push 
button stations and other equip- 
ment. Connectors and switches, for 
example, molded-to-cable in tough, 
resilient Neoprene, provide opera- 
tor safety and resistance to impact, 
shock, vibration, corrosion and 
water penetration. 


1. Switches, pendent or sta- 


tionary, push-button types. 1, 2, ° 


3, 4, 6, stations. Neoprene rubber 
enclosed, Bulletin B82, B79. 


@.. Power connectors for high 


voltages. Hypalon rubber encased, - 


arc-safe, positive polarization, Bul- 
letin B81. 


3: Equipment control connec- 
tors. All-rubber molded-to-cable; 
2 to 12 poles; water, air and dust 
tight. Bulletin B72. 


4... Electric lifting magnet con- 
nectors. Shatter-proof, moisture- 
tight, distortion-resistant, Bulletin 
B71. 


5. Watertight connectors for 
underwater service. All Neoprene, 


multi-pole, sealed against water 


penetration even at high pressures, 
Bulletin B78. 


cS. Low-voltage lights. Safe 
handlamp for lighting around 


grounded equipment, metal struc- 
tures. Bulletin F45. 


re String-A-Light portable 
fighting assemblies. For industrial 
lighting, construction, derricks, 
mines, other multiple-lighting in- 


stallations. Vaporproof, watertight. 
Bulletin B52A, B66. 


8. Cable vulcanizers. Direct 
heat; bench or portable types. For 
repairing or splicing rubber, syn- 
thetics and plastic jacketed cable. 
Bulletin B7OA. 

9S. Shatter-proof Neoprene bulb 
sockets, Dampen vibration, prolong 
filament life. Bulletin B71. 

Send Today for the Bulletins you need. 

CD 1261.1 
ELECTRICAL 
PRODUCTS 
DIVISION 

ROOM 456 
HENRY W. OLIVER BUILDING 
PITTSBURGH 22, PENNSYLVANIA 


the wholesaler and the aura: a 


turer carries two items, but if only 


one was required, one item could ~ 


be eliminated. 
With the requirement of ground- 
ing-type receptacles it will become 


standard practice that a grounding ~ 


conductor or an approved method 
of grounding be provided for prac- 
tically all outlets. This will mean 
that on future additions or instal- 
lations of new equipment that re-_ 
quires grounding, the provision for 
grounding will be available, which 
will certainly be an improvement 


over our present method where the, | 


special permission rule is used 


-tmany ‘times for the grounding of 
equipment, and in many instances — 


grounding is not provided due to. 
various reasons. On an original in-’ 
stallation, grounding-type recep- 
tacles with an approved method for 
grounding can be installed through- 


out with little additional expense 


above our present standard, and I 


am sure that this cost can be, 


lowered by standardization of wir- 
ing methods and materials.— 
R.E.W. 


Grounding 


Surgical Fixtures 


Recently I installed a large 

® UL-listed hospital operating 
room light. The electrical inspector 
in making his inspection found that 
a part of this operating room light 
that was made of metal, and within 
reach of the floor, was not grounded, 
while the upper part of the fixture 
was grounded. It was found that 
ground continuity was not main- 


tained due to an insulating bushing © 
or bearing that was a part of the 


fixture. Before the installation 
could be approved it was necessary 
that a flexible grounding strap be 
connected between the grounded 
and ungrounded sections of this 
fixture. 

This being a listed fixture, could 
the inspector require the grounding 
of the ungrounded portion of the 
housing of the fixture?—S.L.C. 


Yes. All parts of surgical 

e fixtures should be grounded. 

in accordance with Section 2483 of 
the NFPA Code for the use of flam- 
mable anesthetics (No. 56), which 
carries a cross reference to Sec- 
tion 501-16 of the NEC. 501-16(a), 
which applies to exposed metal 
parts in Class I, Divisions 1 and 2, 
states that “the exposed non-cur- 
rent-carrying metal parts of equip- 
ment such as the frames or metal 
j 
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FREE INFORMATION—MAIL THIS CARD TODAY 


| BE YOUR 


would like more information on the Banner prod- | 
ucts covered on the preceding pages, and indi- 
cated. by the numbers circled below. 


BANNER YEAR 
OF VALUE 


ee eee 
WITH THE QUALITY PRODUCTS . : oe 


Ww SP ee ee 
AND COMPLETE PRODUCT SERVICE a aM : : 


YOU GET ONLY FROM ADDRESS 
GENERAL ELECTRIC 
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Oy TONE STATE. 
AND ITS DISTRIBUTORS 615-11 : 


for details on... 


TIME SALES 
PLANS THAT 
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INSTALLATION 
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BANNER) YEAR 
Cola WANTS 


GENERAL @Q)ELECTRIC 
CREDIT CORPORATION 


TIME SALES PLANS—for financing purchase and installa- 
tion of apparatus and supply equipment sold by electrical 
contractors and distributors. 


TIME SALES AND LEASE PLANS—for financing original 
equipment manufacturers’ finished products to end users, 
where OEM is a component customer of General Electric. 


xteriors of motors, fixed or port- 
ble lamps or appliances, lighting 
xtures, cabinets, cases, and con- 
uit, shall be grounded as specified 
a Article 250 of this code.” The 
bove statement in the NEC is prac- 
ically the same as 2483 mentioned 
bove. Therefore, the electrical in- 
pector was within his rights in re- 
uiring the grounding of the fix- 
ure. And as an assistance to UL 
e should report his findings to 
hem in addition to the manufac- 
arer.—R.E.W. 


witch Ratings 


In the installation of service 

¢ switches I have noticed that 

any switches have a hp rating 

hile other switches of similar con- 

ruction and looks do not have such 
uting. 

Does the horsepower rating de- 
ote that this type switch is of 
igher quality than a switch with- 
ut such rating—W.M.S. 
| Service switches listed by 

e UL that are marked with 
orsepower ratings are tested at 
ited voltage, and at six times mo- 
xr full-load running current for ac 
utings and at four times motor 
ill-load running current for dc 
tings. 

Disconnecting means for motors 
‘e covered in Part H of Article 430 
* the NEC and this section of the 
de states where horsepower rated 
witches are to be used. In Part H, 
motor-circuit switch is mentioned, 
1d under the definition in Article 
10 of the Code, “a motor circuit 
vitch is one rated in horsepower, 


pable of interrupting the maxi- 


um operating overload current of 
motor of the same horsepower 
ting as the switch at the rated 
ltage.”” 
The definition of a general use 
vitch, which would not necessarily 
ive a horsepower rating, is “a 
vitch intended for use as a switch 
general distribution and branch 
rcuits. It is rated in amperes and 
capable of interrupting its rated 
rrent at its rated voltage.” 
In direct answer to your question, 
will state that a switch with a hp 
ting has met requirements that 
reneral-use switch is not required 
meet, and may or may not be of 
gher quality than a general-use 
ritch. One would have to know if 
e general-use switch had been 
sted as a hp rated switch and the 
sults of tests made before a defi- 
te answer could be given concern- 
x your question.—R.E.W. 


‘CHAIN OR 


5 sizes for 4%“ to 8’ capacity .. . 
easy-ic-operaie top serew crank handle 
is anchored fo base, can't puil out. 


8 sizes for 4” to 6” capacity... 
Set fast for righ? or left hand 
yoke opening. 


YOKE 


® 


grip tight, set and release fast to 
speed all conduit work! 


Rear pipe rest keeps conduit aligned 
for easy cutting, threading and ream- 
ing. Bases and yokes, made of special 
malleable, won’t break or warp. 
Full width tool steel jaws, hardened 
for long wear, give tight, slip-proof 
grip. Integral benders are always 
ready for instant use. 


Here’s why these 
RII vises are your 
best buy for bench 

or truck mounting: 


& ‘ : pe yoo i 4 
The Ridge Tool Company, Elyria, Ohio, U.5.A. 
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WHY 


electrically-heated homes 
need this humidity control 


}_RUMSDITY CONTROL 


Well-insulated, electrically-heated homes tend 
to hold high levels of humidity. This condition 
causes condensation on windows, cold surfaces 
and possible penetration of moisture in insula- 
tion which may reduce insulating efficiency. 

To solve these problems, and also assure 
more indoor comfort, more and more con- 
tractors are installing the Penn Type 844 to 
control the kitchen exhaust fan. Then, when 
humidity is excessive, the fan is started auto- 
matically to exhaust moisture-laden air thus 
reducing’ relative humidity. Use automatic 
humidity control as a selling feature for elec- 
tric heat .. . your customers will appreciate 
the many advantages it gives them! Write the 
Penn factory for specific information. 


Penn “Click” Dial 
Flectric Heat 
Thermostat 


responds faster 

and holds temperature 
closely to 

selected level. 


FACTORIES: GOSHEN, INDIANA « SYRACUSE, INDIANA + MILWAUKEE, 
WISCONSIN «+ WATERTOWN, WISCONSIN * COSTA MESA, CALIFORNIA 
* FOREST PARK, ILLINOIS * TORONTO, CANADA + AMSTERDAM, 
THE NETHERLANDS * BUENOS AIRES, ARGENTINA * TOKYO, JAPAN 


PENN CONTROLS, INC. 


General Offices: Goshen, Indiana 


AUTOMATIC CONTROLS FOR HEATING, REFRIGERATION, AIR CONDITIONING, APPLIANCES, PUMPS, AIR COMPRESSORS, ENGINES 


Lighting Unit (16) 


New pole-top and wall-mountec 
area-lights have been added to this 
line of luminaires for quartz-iodine 
lamps. Three versions of the area- 
light, which uses 500-watt Té 
quartz-iodine lamps, are offered 
For~pole-top mounting, Cat. No 
6803-2NF with two luminaire units 
mounted back-to-back, or Cat. No 
6803-INF with one functional anc 
one “dummy” luminaire uni 
mounted back-to-back. The latte: 
arrangement is employed where i 
is desired to illuminate only on 
side of a boundary while at th 
same time preserving uniformity o: 
appearance with other  pole-to] 
area-lights. The third version i, 
Cat. No. 6808-INF wall-mounte 
area-light—a single luminaire uni 
which mounts flush to a vertica 
surface by means of four bolts 
Bulletin 100-43-9 is available. 

Revere Electric Mfg. Co., 742 
Lehigh Ave., Chicago 48, Ill. 


Circuit Breaker (17 


The Series AM12 line of cireui 
breakers for electrical and elec 
tronic equipment has been expande 
by adding 4-, 5- and 6-pole model: 
Typical applications for the break 
ers include single-unit overcurrer 
protection for the input and outpt 
of 3-phase power supplies an 
transformers. The 6-pole model ca 
also be used to protect all phase 
of a 6-phase rectifier. All of th 
models can be furnished with a 
auxiliary switch on each pole 1 
control up to 12 separate but r 
lated circuits. The new multip 
models are common-trip breaker 
which will interrupt all circuits s 
multaneously when there is an ove 
load in any one pole. AM12 mode 
can be supplied for de or 60- ¢ 
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400-cycle ac service with any con- 
tinuous current rating from .020 to 
50 amps. Standard maximum volt- 
ages are 50 volts dc; 250 volts 60- 
cycle ac; and 208 volts 400-cycle ac. 
Overall dimensions of the 6-pole 
model are 2.53 in. high by 4.59 in. 
wide by 2.63 in. deep. 

Heinemann Electric Co.) 234 
Magnetic Drive, Trenton 2, N. J. 


(18) 


New line of heavy-duty electric 
fan-forced unit heaters for indus- 
trial, commercial and retail estab- 
lishments. The capacities of this ex- 
panded line of unit Heetaires, Se- 
ries 600, range from 2 kw to 30 kw 
with 208, 240, 277, 480 and 575 
volts in single and 3-phase types, 
with either built-in or remote ther- 
mostat controls. Units are designed 
to be either suspended from ceiling, 
or wall, or used as portables. The 
motors, designed for industrial con- 
tinuous duty, are totally enclosed. 
Heaters are listed by UL and CSA. 

Markel Electric Products, Inc., 
Buffalo, N. Y. 


Heaters 


Channel Bar (19) 


A new continuous-slot channel 
bar is fabricated in 10-ft lengths 
and known as Catalog No. 6029 
from 16 ga; Catalog No. 6028 from 
18 ga and Catalog No. 6027 from 
20 ga steel. Channel bars are cold 
roll-formed with special rib design 
to provide structural strength. 
They are ? in. in height with an 
interior width of 4 in. and .281 in. 
continuous-slot opening. Continu- 
ous-slot feature permits unre- 
stricted positioning of hanging de- 
vices—channel carriers, box 
fasteners, conduit clamps or 4 in. sq 
nuts with threaded hanger rod. 
Channels are especially suited to 
suspended ceiling construction for 
hanging and support of lighting fix- 
tures, outlet boxes and conduits. 

Steel City Electric Co., 1207 
Columbus Ave., Pittsburgh 33, Pa. 


Here’s The Biggest Bargain 
In Its Price Class, Offering 


1. Maximum Capacity — %’’ to 4’” 
Pipe and Conduit 


2. Double Jaw for Ratchet-like 
Action in Either Direction 


This rugged, yet light, utility wrench 
grips round, square and irregular 


ey 


Rear jaw for 
downward pressure, 


“ 


The Ridge Tool Company, Elyria, Ohio, U.S.A. 


of the New No. C-12 


Once attached, it’s ready 
, for fast, ratchet-like wrench- 
ieee eee ;-~) ing in either direction, with- g 
out repositioning. Here’s/ ¥ 
> the perfect, low-priced an- {4 
8 swer for work close to walls #4 
or in parallel lines. G 


We 
invite 

your 
comparison 


shapes without crushing. Strong, 
flexible 15%4” chain slips into tight- 
est spots...has easy-to-grab end ring 
for fast chain adjustment. Strong, 
one-piece, 12%"’ long, nickel-chrome 
plated handle and double jaw, 
made of forged alloy steel, give ex- 
cellent leverage . . . with a maxi- 
mum width of *4’’, it easily fits into 
narrow openings. 


Order Yours Today for Only *4.95 


Front jaw fer 
upward pressure, 
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THREE 
WAYS TO 
IMPROVE . 
VITAL HOSPITAL SAFETY 


Hospitals throughout the country are depending on 
reliable Zenith Automatic Controls for protection 
against power failure and detection of hazardous 
grounding conditions. - 


Automatic Transfer Switches 


When power fails, Zenith Transfer 
Switches respond instantly to trans- 
fer critical loads to emergency lines. 
These rugged switches assure contin- 
uous power to all vital equipment and 
locations throughout the hospital. 


Powerful operating mechanism pro- 
vides dependable double-throw ac- 
tion, positive mechanical locking and 
fastest possible transfer. Available 
electrically or mechanically held, 30 
to 600 amperes. 


Ground Detectors 


Zenith Ground Detectors immediately de- 
tect grounding of isolated voltage systems 
in hospital operating rooms. They detect 
leakage to 60,000 ohms and will not allow 
. over 2 milliamps to pass through the 

. system. Green light indicates normal con- 
dition; red light and buzzer warn of dan- 
ger. UL approved, meets NBFU stand- 
ards. 


Mechanically Held Contactors 


Zenith compact MHP Bus-bar 
Mounted Contactors control lighting 
and mixed loads throughout the hos- 
pital. Easily installed in switchboards 
and interchangeable with other bus- 
mounted contactors, they feature low 
inrush currents, instant accessibility 
to all parts, and epoxy coils. Available 
30, 75 and 100 ampere sizes, 600 volt 
ac. non-inductive. Other models to 
600 amperes. 


Request Product File A-I7 and prices. 
Write on company letterhead for Cata- 
log 19 describing complete Zenith line 
of automatic control equipment. 


wx 


152 West Walton Street ° Chicago 10, Illinois 
Telephone Area Code 312 Michigan 2-3322 + Cable Zenelec 


Fittings (20) 

The new Speed-O-Let line of 
electrical fittings carries one or 
more built-in connections. Installa- 
tion requires the insertion of the 
thinwall or rigid conduit, and the 
tightening of the screw on each con- 
nection. Fittings are of copper- 
free, corrosion-resistant aluminum 
die-cast. Many types of fittings are 
available in the Speed-O-Let line, 
including switch boxes, entrance 
heads, pulling elbows and others. 

Killark Electric Manufacturing 
Co., St. Louis, Mo. 


Meter Sockets (21) 


A complete line of 100-, 150- and. 
200-amp, 600-volt ac, general pur- 
pose ringless meter sockets are 
available in steel or aluminum for 
indoor or outdoor applications. 
They utilize extruded top ends to 
accommodate interchangeable die- 
cast raintight hubs. Hubs are UL 
listed and available from 1 in. 
through 24 in. as are close-off 
plates. Fixed type hubs are also 
available as a standard item. 

Anchor Manufacturing Co., Man- 
chester, N. H. 


Wall Bracket (22) 


A new emergency prismatic wall 
bracket is engineered to provide 
light automatically the instant nor- 
mal lighting current fails in hospi- 
tals, institutions, offices, restau- 
rants, theatres, schools and other lo- 
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cations where uninterrupted service 
is desirable or mandatory. Fixture 
is equipped with two sockets: a 
standard adjustable 100-150-200- 
watt socket for regular use, and a 
low wattage secondary porcelain 
socket complete with separate wir- 
ing system for connection to re- 
mote emergency power supply. The 
die-cast aluminum line includes one 
and two light UL-listed weather- 
proof units for wall, ceiling, or cus- 
tom pendant applications. 

Stonco Electric Products Co., 333 
Monroe Ave., Kenilworth, N. J. 


Lighting Unit (23) 


New wall- and surface-mounted 
incandescent lighting units with 
asymmetric arealenses have been 
announced. These weatherproof 
units, intended for outdoor use, re- 
fract light in a widespread fan- 
shaped pattern. They are for com- 
mercial, industrial and residential 
use. Wall-mounted unit is made of 
die-cast aluminum; _ surface- 
mounted unit is 18-gage aluminum. 
Units are designed for 150- or 
200-watt lamps. Wall-mounied unit 
extends 9} in. from wall, height is 
88 in., width is 8% in. Diameter of 
surface-mounted unit is 7ys in., 
over-all height is 72 in. 

Art Metal Lighting Division, 
Wakefield Corp., 1814 E. 40th St., 
Cleveland 3, Ohio. 
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“GHTWElGyy 
Ve" to 2°’ Capacity, VERS) 
Power for up to is TILE 
12’’ Geared Tools Low 
'N PRICE 


Easy-to-Move... 
Time-Saving Power for 
Your Shop or on the Job... 


® 


300 Power Drive 


Bench, stand or truck mounted, 
this compact Rieti 300 Power 
Drive quickly pays for itself in 
time and labor savings. Speed 
chuck closes and releases by hand 
... holds tight forward or reverse. 
Cam-action rear workholder holds 
even long lengths straight for per- 
fect threads and cuts every time. 


Converts to Low-Cost 
Threading Machine 


Add the riraip No. 310 Car- 
riage, No. 360 Cutter and a 
RIzaIb Quick-Opening Machine 
Die Head, and you’re ready to 
cut, thread and ream. With a 
No. 19 Nipple Chuck you even 
cut and thread close nipples with 
threading machine speed and 
ease. 


Call your Distributor today. For your convenience, he maintains a complete 
stock of FRULZ30I> Work-Saver Pipe Tools and parts! 


= “ a 


The Ridge Tool Company, Elyria, Ohio, U.S.A, 
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Catalogs & 


"> Electric Heat is featured 
—Z in Gold Medallion Homes 
—Srm)| Equipped by General Electric 


Sell packaged ‘‘sunshine”’ 
with General Electric’s 


new radiant quartz heaters 


Efficient, low-cost area heating, indoors and 
outdoors, instantly in any weather—this is 
what you can offer with the new General 
Electric radiant quartz heater. 

This heater is similar to a small ‘sun,’ with 
infra-red energy that warms persons, objects, 
areas, regardless of temperature. The radiant 
quartz heater can be used anywhere, laughs 
at snow and ice, provides instant heat from 
energy that travels at the speed of light. 
Wide choice of mounting arrangements per- 
mits flexible heat direction. 

The radiant quartz heater is offered with 
General Electric T3 quartz lamps, smallest 
and hottest electric heat source available, 
for 240/480v operation—and, with quartz 
tubes, for 120 /240v installations. It’s easy to 
install, and easier to sell! 

Radiant quartz heaters are featured in the 
all-new General Electric line that brings you 
a ‘supermarket’ of electric comfort heating 
equipment—offers the right answer to every 
heating problem. 

For details and specifications, write Sect. 
280-06-1, General Electric Company, Elec- 
tric Comfort Heating Section, Appliance 
Park, Louisville 1, Ky. 


Progress /s Our Most Important Produet 


GENERAL €@ ELECTRIC 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


(24) SCHOOL-LIGHTING LUMINAIRE, 
the Triumph, is described in prod- 
uct Bulletin SA-8864, including in- 
formation about the choice of 
shielding, side panels, sizes, mount- 
ing and lamps. Westinghouse Light- 
ing Div. 


(25) METER CENTERS and acces- 
sories for multiple-metering appli- 
cationssare covered in 20-page Bul- 


| letin 9001-1A including photos, 


typical layouts and component 
tables of the new wall-mounted EQ 
meter centers and the recently in- 
troduced I-T-E Uni-Power free- 
standing metering switchboard 
lines. I-T-E Circuit Breaker Co. 


(26) HIGH CAPACITY BUSWAY SYS- 
TEMS designed for plug-in or feeder 
applications where heavy loads are 
served, or where low-voltage drop 
or reduced available short-circuit 
current values are required, are de- 
scribed in 24-page Bulletin GEHA- 
6736. Distribution Assemblies 
Dept., General Electric Co. 


(27) FLOODLIGHTING. Baseball and 
softball floodlighting recommenda- 
tions are discussed in 68-page cata- 
log including installation data such 
as the minimum mounting height 
for floodlights, and suggestions for 
the particular type and number of 
floodlights required for specific ap- 
plications. Benjamin Div., Thomas 
Industries Inc, 


(28) Pump Motor REPAIR Booklet ~ 
B-8606 describes repair facilities — 
and processes. Apparatus Repair 
Div., Westinghouse Electric Corp. 


(29) EMERGENCY LIGHTING. 16- 
page booklet entitled “How to Select 
Emergency Lighting” gives step- 
by-step instructions for planning 
emergency light installations. Car- 
penter Mfg. Co., Watchmaster Diy. 


(30) TERMINAL BLOCKS. 16-page 
catalog describes complete line of 
more than 373 terminal blocks in- 
cluding new fully insulated feed 
through and new track-type blocks. 
Curtis Development and Mfg. Co. 


(81) GROUNDING. “Down to-Earth 
Facts on Grounding Portable Elec- 
trical Equipment” explains NEC’s 
safety specifications for the design 
and connection of grounding de- 
vices. Harvey Hubbell, Inc. 
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(32) SPEED DRIVES. Bulletin 2200 
describes ac-de variable speed drive 
packages for 1/6 to 20 hp motors 
which consist of a magnetic ampli- 
fier control panel, a patented solid- 
rotor ac motor and a manual speed- 
control potentiometer. Fidelity In- 
strument Corp. 


(33) CABLE. Multi-conductor fiat 
flexible cable, which permits space 
savings of up to 7 to 1 and weight 
reductions of up to 10 to 1, is dis- 
cussed in 8-page Booklet S-10. In- 
ternational Resistance Co., Plastic 
Products Div. 


(84) Motor CONTROL CENTERS. 
Using the firm’s Unitrol center as a 
model, 48-page “Motor Control Cen- 
ter Handbook” (LJ-1) explains the 
concept, design and application of 
motor control units and includes 
basic structure and electrical wir- 
ing provisions, and rating and size 
data. Cutler-Hammer Inc. 


(85) TERMINALS AND CONNECTORS 


are described in 68-page catalog 
including data on terminal boards 
and on various automatic devices 
for attaching terminals. Ark-Les 
Switch Corp. 


(36) PHOTOELECTRIC RELAYS. Bul- 
letin SCW-136 describes versatile, 
high-speed photoelectric relays ac- 
tivated by light increase or de- 
crease. General Electric Co. 


(37) SERVICE ENTRANCE BREAKER 
(Type QCC) is described in 4-page 
Booklet B-7634 including features, 
applications and dimensions. Wes- 
tinghouse Electric Corp. 


(38). HOUSEPOWER. Revised catalog 
of Housepower Promotion Mate- 
rials contains descriptions, illustra- 
tions, prices and ordering informa- 
tion on all currently available ad- 
vertising, promotion and sales aids, 
designed exclusively for use in pro- 
moting the sales of residential wir- 
ing modernization. National Wiring 
Bureau 


(39) ELECTRIC COMFORT HEATING. 
8-page catalog describes complete 
line of flameless electric heating 
equipment designed for every room 
of the home. Electromode 


(40) CAPACITORS. Design features 
of the new lightweight line of ex- 
tended foil capacitors, which are 
available in 25-, 50- and 100-kvar 
sizes, 2400 through 7960 volt rat- 
ings, and either single or double 
bushing, are described in Bulletin 
82C9421A,. Allis-Chalmers Mfg. Co. 


PATENTS PENDING 


hits savings 


on the head! 


A hammer, a second, and Anderson’s exclusive 


new 


are all you need to make 


a perfect connection every time! 


Hamron Lugs and Splices cover a ca- 
ble range from #6 through 300 MCM 


Hamron Lugs and Splices are the simplest yet 
developed. Unequalled in pull-out strength and 
electrical conductance. Eliminate special tools 
(a hammer and a flat surface are all you need). 
A few blows form connector and cable into vir- 
tually one solid unit. “Hamron” cannot over 
compress... the deformed punch shows it is a 
tight connection. Maintenance free. It adds up to 
big savings in time, labor, tool costs! 


NDERSON ELECTRIC 
CORPORATION 


> 7 
Research Quality/ Perjormancefin Aluminum and Bronze Products 


OS a SF” 


New B&D Sabre Saw 
cuts through all 
material in less time 
...with spunk to spare 


2” pipe conduit in 28 seconds 


Wood and metal turnto butter faster 
... With the new B&D power-packed 
Sabre Saw. Tests prove it cuts 
through 2x8 dressed fir, 44-inch angle 
iron and 2-inch pipe conduit all in 
less than a minute... almost twice 
as fast as any saw its size! Greater 
power, new long-stroke action (cut- 
ting surface is over 1”) make the dif- 
ference, put more teeth into every 
job (assure less blade wear). 


Wider range of blades, too... 
for all-purpose performance 


Choose from a complete new line of 
Sabre Saw blades—double-edged for 
pockets and scrolls, single-edged for 
any job. They fit all other leading 
saws, too... make them cut faster. 
Buy the new B&D Sabre Saw with 
five all-purpose blades at leading 
distributors everywhere. 


Black s Decker: 


CUTS MAN-HOURS TO MINUTES 


THE Biack & DECKER Mrc. Co. 
Towson 4, Maryland Dept. 1205 | 
(In Canada: Brockville, Ont.) 


O Please arrange a demonstration of 
B&D Sabre Saw. 


O Please send additional information 


| 
| 
on B&D Sabre Saw. 
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in the News 


California EMEA 
Focuses Spotlight 
on Maintenance 


The Electrical Maintenance En- 
gineers Association of California 
held their 8th biennial Electrical 
Industry Maintenance Conference 
and their 11th related Exhibition in 
Los Angeles, March 28-31; six 
panel programs over a 4-day span 


were devoted to Maintenai.ce, Codes- 


and-Lighting. Panelists included 
electrical contractors, consultants, 
inspectors, maintenance supervi- 
sors and manufacturer representa- 
tives; over 20 speakers being intro- 
duced by General Chairman K. Lee 
Alvey of AiResearch and Program 
Chairman Mike J. Boyak of Stetson 
Electric during the meetings. Ac- 
tive question periods defined all ses- 
sions. And, in keeping with the 
basic nature of the Conference, over 
half of the discussions considered 
such maintenance-related problems 
as engineering, contract work vs in- 
plant crews, cost controls, electronic 
equipment, scheduling, plus-factors 
and limitations of all-out mainte- 
nance programs in both large and 
small industrial plants. 

The largest attendance was at- 
tracted to a session on code discus- 
sion, although by far the most ani- 
mated floor discussion was gener- 
ated by contractor K. W. Busch, 
who contended that industrial 
maintenance is a major manage- 
ment responsibility; that it is a 
service function trapped between 
opposing desires to lower product 
costs, raise workers’ wages and yet 
obtain a reasonable profit margin; 
and that maintenance is a field 
wherein outside contractors can in- 


sure operational continuity to an 
equal or even higher degree than 


can in-plant crews. In promoting ~ 


maintenance-by-contract, Busch 
cited more than two dozen 
“claimed” benefits, including such 
factors as diversity of labor de- 
mand, availability of specialists re- 
quired only occasionally, questions 
of tool and instrument inventories 


- 


and replacements, insurance, stor- 


age, shop facilities, labor rates and 


—job responsibility. He likewise re- 


lated maintenance to moderniza- 
tion, stating that systems should 
be kept up-to-date to preclude ob- 
solescence, and suggesting that all 
improvements should. be studied for 
safety, load handling capacity, 
power factor, voltage fluctuations, 
changing plant layouts and demand, 
utility rates and practical economy. 

Echoing the importance of main- 
tenance was Arnold R. Jahn, senior 
electrical repair foreman in the 
L. A. Dept. of Water & Power’s 
general plant division, who cau- 
tioned against carrying preventive 
measures to unrealistic extremes. 
In this thesis he contrasted routine 
and emergency work, urged maxi- 
mum cooperation between produc- 
tion and maintenance supervisors, 
stressed the importance of pre- 
planning and scheduling, and ad- 
vocated complete replacement of 
complicated control equipment 
rather than trouble-shooting with 
insufficient equipment and knowl- 
edge. To illustrate possibilities of 
abuse, Jahn cited numerous ex- 
amples to indicate how inefficien- 
cies and damage could result from 
inadequate inventories, lack of rec- 
ords, poor planning, neglected in- 
spections, lack of cooperation, 
over-insulating or over-lubricating. 


28 sabe 


CODE EXPERT 


on forum panel of c 


ode session at recent Upper Midwest Electrical 


Industry Convention in Minneapolis included: (L to R) moderator H. B. Love, 
Detroit, member CMP 6; R. L. Lloyd, Washington, D. C., chairman CMP 4; 
Frank Stetka, Chicago, secretary of correlating committee, NFPA Nationa! Elec- 
trical Code Committee; R. W. Osborn, contractor, St. Louis, Mo., and chairman 


CMP. 1. 
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ie saw that could cut a house in half! 


New B&D Sabre Saw with longer cut 
goes through wood, metal, plaster 


Jt stops at nothing! The new Black & Decker 
Sabre Saw power-cuts clean through wood and 
plaster, metal pipe and sheet... all as easy as 
you please with exclusive long-stroke action. 
Unique rock ‘n’ lock shoe design makes your 
work easier yet. Blade spindle turns 90° and 
180° to cut in any corner, cut out any pocket. 
You grip right behind the safeguard blade guide 


feguard blade guide allows grip close to cut for up-front control. Offset- 
ign permits easy 90° cuts into corners and flush cuts to any surface. 


for up-front control. You’ll find the Sabre Saw’s 
vibration is the lowest ever... its balance per- 
fect for the most accurate cutting. Just try the 
new B&D Sabre Saw one time . . . and you'll 
see how it could cut a building in two, any time. 
For sales and service, look in the 
Yellow Pages of the telephone book under 


Hlack s Decker: 


CUTS MAN-HOURS TO MINUTES 


TOOLS 


ELECTRIC 


Adjustable blade spindle for right, 
left, backward or forward cuts. 


Long-stroke action provides a cle: 
cut, faster work and longer blade 


_Re-usable ... convenient... economical... 


\The TM Miti-Mast 


Temporary Service Mast 


Fast, one-man, ground-sleeve installation 

in less than an hour 

Complete portability . . . self-contained unit 
may be easily moved from site to site 


Telescopes to 8 feet for hauling and storage 


Eliminates cumbersome, make-shift 
installations 


Raises entrance wires 12 feet off ground 
level, 15 to 18 feet by using our extensions. 


Sturdy all-steel eonstruction 


The TM Miti-Mast is a real time and money 
saver. Send for all the facts today. 


UTILITY SERVICE CO., Inc. 


1620 Thirteenth St., Racine, Wisconsin * MElrose 2-0962 


& TOWER OF STREMCTE 


Electric meter 
connection 


Pull type 
circujt breaker 
220-volt outlet j ¥ 
Fuse ~~ ‘ : 
120-volt outlets 


Se 


Maintenance Costs Related to 
Downtime 

Several speakers stressed the im- ; 
portance of preventive maintenance ~ 
by citing exorbitant costs related to 
power interruptions and resulting 
downtime of production lines. For 
example, John L. Pahlow, plant en- 
gineer for the Jos. Schlitz Brewing 
Co., stated that idle labor due to 
their packaging conveyors being 
halted amounts to $100 per minute, 
and, five years ago, collective down- 
time on all assembly lines averaged — 
an hour per shift, a labor loss of | 
$18.900 per day or $4.7-million an- 
nually. Of this total, about half of 
the stoppages were attributed to 
electrical failures (motors, relays, 
switches, electronic timers, photo- 
cells). Today, however, thanks to 
a preventive program, electrical 
interruptions have been reduced 
85%, labor savings amounting to 
$2-million annually. Pahlow then 
reviewed their program of records, 
analysis, changing types of motors, 
tube replacement, motor rewinding 
with new insulations and installa- 
tion of controls in waterproof cabi- 
nets. 

Frank E. Hamlin, Marquart 
Corp’s. plant engineering and serv- 
ices department, likewise equated 
maintenance charges pertaining to 
group lamp replacement as opposed 
to individual service for single 
burnouts. Stating that his plant 
contains over 5700 lighting fixtures 
in 19 buildings, he showed how 
group lamp replacement had re- 
duced per-fixture relamping times 
from 40 minutes to 6, then he re- 
viewed Marquart’s maintenance 
program relating to cleaning of 
lamps and fixtures, inspection of 
ballasts and starters, compilation 
of records and circuit drawings. 
Hamlin included factors affecting 
selection of numerous circuit com- 


PLANT MAINTENANCE techniques and 
practices were discussed at Los Angeles 
EMEA Conference by panel consisting of 
K. W. Busch of Busch Electric; Amold R. 
Jahn, Dept. of Water & Power, City of 
L. A.; C. Leon Perry, Columbio-Geneva 
Steel Div., U. S. Steel Corp., moderator, 
and David L. Dehlinger, Larson Hogue 
Electric. 
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CODE INTERPRETATION ond proposed 
changes were subjects for discussion by 
Moderator Arthur G. Clark, Dept. of 
Building & Safety, City of Los Angeles; 
Danny Jackson, Vancott Electric Co.; 
Edward V. Muller, State of California Div. 
of Industrial Safety, and Donald S. News- 
wanger, Dept. of Building and Safety. 
Panel appeared on 4-day program of 
California EMEA. 


ponents which could affect costs by 
reducing essential maintenance 
work. 

Cost controls, reviewed by Robert 
J. Goss, RCA manager of plant en- 
gineering, were credited with 
numerous savings for that corpora- 
tion, since he claimed that record 
analysis had revealed many in- 
stances where maintenance proced- 
ures should be augmented, multi- 
plied or changed. Examples in- 
cluded citations of incorrect name- 
plate data on a speed reducer; use 
of remote controls and recording 
ammeters to protect motor wind- 


ings; up-rating of motors in horse- _| 


power or speeds to satisfy specific 
load conditions; the fallacy of over- 
lubrication and more thorough 
training of workers entrusted with 
complicated electronic controls. 
“Managerial knowledge and opera- 
tional skill is primary,” he-main- 
tained, then concluded by citing 
cost savings which could be ob- 
tained by higher quality standards, 
job instruction, planning and sched- 
uling, practical methods, training, 
human relations, thorough investi- 
gation of failures and recom- 
mended administrative procedures. 


Electronic Equipment Considered 


Tips on maintenance of electronic 
equipment and numerically con- 
trolled devices were offered confer- 
ence delegates by three speakers: 
George W. Haven, Electronic Main- 
tenance Co.; Robert Miranda, Con- 
vair Diy. of General Dynamics, and 
Herb Sellers, Kaiser Steel Co. 

In this coordinated presentation, 
Haven concentrated upon tools and 
techniques, recommending such 
basic imstruments as _ volt-ohm- 
milliammeters, vacuum tube volt- 
meters, tube testers and good qual- 


COSTLIEST TEN DOLLARS 
YOU EVER SAVED! 


It’s easy and tempting to put in a lower bid for a wiring con- 
tract by using lower-priced, lower-quality wiring devices. 
But the cost difference between the cheapest devices and top- 
quality Arrow-Hart Wiring Devices is only about $10 for 
the average 6-room residence* This could be the costliest $10 
you ever saved, because wiring devices are usually the only 
direct contact the homeowner has with the work you’ve done, 
and your reputation depends, to a large degree, on the qual- 
ity and reliability of these devices! Remember, too, that a 
single call-back to replace a faulty device can easily cost you 
more than you saved. 

Protect your reputation and build your business by giving 
your customers the finest in quality, dependability and long 
service life; install Arrow-Hart Wiring Devices on all your 
jobs! For complete information, see your local Electrical 
Wholesaler today . . . or write direct to the Arrow-Hart & 
Hegeman Electric Co., Dept. ECM, 103 Hawthorn Street, 
Hartford 6, Connecticut. 


Kuali since (890 
WIRING DEVICES * ENCLOSED SWITCHES 
MOTOR CONTROLS * APPLIANCE SWITCHES 
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‘You'll do every gripping job the easy way with a 
Channellock worksaver plier. Powerful parallel 
jaw grip... tremendous leverage... patented, 
smooth-working can’t-slip adjustments. Your 
choice of tive jaw capacities: 12, 7, VA, 2 and 
24 inches. Be sure it’s a genuine Channellock. 
Look for the trademark on the handle. Write for 
catalog showing complete line of pliers. Made 
Only By Champion DeArment Tool Company, 
Meadville, Pennsylvania. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . 


ELECTRICAL MAINTENANCE Confer- 
ence in Los Angeles was programmed 
by Mike J. Boyak, Stetson Electric, and ~ 
chairmanned by K. Lee Alvey of | 
AiResearch, 


EY: oscillographs. Concerning tech- 


niques, he discussed specific ex- 
amples for cleaning and inspecting 
controls, tubes, relays and switches, 
wiring and connections, summariz- 
ing by stating that reliable elec- 
tronic service demands good tools 
and instruments plus education, 
knowledge and common sense. 

While agreeing with these basic 
requirements, Miranda added that 
efficiency of electricians can be 
created or stimulated by incentives, 
desire and proper training courses, 
illustrating that contention by re- 
viewing how his company selects 
and instructs men for specific as- 
signments, promotes from within, 
organizes maintenance programs, 
advocates many types of training 
and refresher courses, prepares 
step-by-step check-lists as service 
guides, subscribes to adequate in- 
strumentation, and advises workers 
of the importance of their jobs and 
of the sizable costs involved in er- 
rors and resulting downtime. 

Herb Sellers’ remarks related di- 
rectly to electronic maintenance in 
large steel plants, where assign- 
ments range from service of regu- 
lators. and communication systems 
to overhead cranes, circuit break- 
ers, commutation problems, closed- 
circuit television systems, X-ray 
thickness gauges and assemblies 
involving photosensitive relays. 
Handling this scope of assignments 
calls for several gradations of 
skills, he maintained, a fact which 
prompted recent creation of new 
electronic craft groups to handle 
specific classes of equipment. Sel- 
lers advocated limiting responsibil- 
ity to as few persons as possible, 
pinpointing special talents to pre- 
clude confusion, over-lapping or 
omissions in servicing electronic 
devices. 


Practical Tips for Contractors 


Electrical contractors in attend- 
ance were particularly interested in 
discussions by David L. Dehlinger, 
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| Larson-Hogue Electric, and by 
| Danny Jackson, Vancott Electric. 
| Dehlinger’s remarks pertained to 
) re-rating motors through design 
| and insulation changes, while Jack- 
'son’s discussion considered indus- 
| trial system installation methods. 
: Dehlinger considered only re- 
| rating of common 3-phase squirrel- 
| cage induction motors, relating 
| horsepower to speed, torque, flux, 
| eeaeer forces, bearing life, 


{rotor and fan construction. He 
| then discussed winding and rela- 
| tive back-iron thicknesses required 
for 2-, 4- and 8-pole stators, indi- 
| cating that re-rating can also be 
| attained by increasing allowable 
| temperatures permitted with mod- 
ern, stable, more efficient insula- 
| tions. 
| Jackson’s talk indicated that con- 
| tractors who are called into plants 
for initial maintenance purposes 
can obtain multiple benefits for 
themselves as well as customers by 
recommending system improve- 
ments for existing installations. 
Busways, underfloor duct systems, 
covered cable trenches, single 
metering and power factor correc- 
tion were several illustrations 
enumerated, and Jackson also cited 
installation economies which would 
be obtained through use of new 
tools such as CO, gas cylinders for 
cleaning conduit and shooting fish- 
lines; elevating workbenches used 
in conjunction with separate scaf- 
folds; electric conduit benders; 
, rotary-impact drills; C-frame hy- 
draulic knockout cutters; reel dol- 
lies and gas-activated hoists. 

As mentioned earlier, the largest 
attendance was attracted by a ses- 
sion on codes, wherein Edward V. 
Muller from the State of Calif: Div. 
of Industrial Safety discussed rea- 
- sons behind up-coming changes in 
- both the National Electrical Code 

and Calif. Electrical Safety Orders, 

while Donald S. Newswanger, elec- 


PRE-CONFERENCE HUDDLE takes place 
at EMEA podium between Lighting Mod- 
erator Urban Beh (right), Los Angeles 
Consulting Engineer; and panelists E. W. 
Michel of Westinghouse and Arthur G. 
Hess of Hess, Greiner & Polland. 


PRACTICALLY EVERY 
STREET CORNER... 
WHY NOT IN 

YOUR BUILDING? 


Chances are 9 out of 10 that when you see a 
municipal fire alarm box the name on the box 
is Gamewell. Go up to the next one you see 
and check for yourself. 9 out of every 10 in 
America are Gamewell because community 
leaders have recognized their unerring reli- 
ability and dependability. = You may not real- 
ize that Gamewell has been chosen by thou- 
sands of firms to protect industrial, commer- 
cial and institutional buildings with fire alarm 
systems inside the property. = For over 100 
years, Gamewell has specialized in the de- 
velopment and manufacture of automatic fire 
detection and alarm systems. Find out how 
this experience can be used to provide your 
buildings with maximum protection at mini- 
mum cost. Write The Gamewell Company, 
Dept. 1404, Newton Upper Falls 64, Mass. A 

Subsidiary of E, W. Bliss Company. 


LOCAL ALARM 


amewell 


FIRST...WHEN SECONDS COUNT 
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CIRCLE F 3-WIRE “U” GROUND 
RECEPTACLES RUN CIRCLES 
AROUND ALL OTHERS... 


OMPARE 


COMPARE CIRCLE F 3-WIRE ‘‘U’”’ GROUND RECEPTACLES 
WITH ALL OTHERS! WHAT’S THE DIFFERENCE? 


Designed to meet every requirement of the new National Electrical Code and 
for use with either metallic or non-metallic wiring systems, Circle F’s line of 
new 3-wire grounding type receptacles matches every specification. All 
contacts are spring bronze and double wiping and the “‘break-off”’ score on 
the terminal link permits 2-circuit installation. Large #8-32 binding screws 
with cut slot heads and 7%” box screws with plaster-cleaning threads and 
cut slots mounted in the strap make installation fast and easy. Precision 
engineering, quality controlled production and rugged construction guarantee 
customer satisfaction, while Circle F’s low prices guarantee more profits. 
All Circle F 3-wire grounding type receptacles are listed with UL and CSA. 


CIRCLE F MFG. CO. 


TRENTON 4, N. J. 


ELECTRICAL INDUSTRY SHOW, staged 
concurrently with biennial conference of 
California EMEA, was directed by Charles 
H. Hays, Electrical Estimators, Inc. 


trical engineer, Los Angeles Dept. 
of Building and Safety, reviewed 
proposed amendments in the L. A. 
1962 code pertaining specifically to 
machine wiring, tools, presses, test- 
ing devices, extruders, woodwork- 
ing machines and similar heavy 
duty equipment. Both talks cited 
specific examples where changes 
would be pertinent, tables and 
sketches being used to clarify ap- 
plications where motor ratings, 
starter sizes, overcurrent protec- 
tion and wire dimensions would be 
altered by new rulings. 


Higher Lighting Standards 


Lighting discussions likewise 
prompted high levels of interest, 
consulting lighting engineer Urban 
Beh reviewing industrial lighting 
progress and optical processes re- 
lating to vision, E. W. Michel from 
the west-coast lighting div. of Wes- 
tinghouse reviewing precepts per- 
taining to proper selection and 
layout of fixtures, and Arthur J. 
Hess of Hess, Greiner & Polland 
equating lighting to air condition- 
ing. 

In this round-up, Beh referred 
to current IES research programs 
which are providing scientific foun- 
dations for higher footcandle rec- 
ommendations and he also reviewed 
such vision-related factors as color, 
reflected glare and polarization of 
light. 

In discussing fixture layouts, 
Michel considered higher accepted 
standards, higher wattage lamps, 
higher efficiencies, higher accepted 
voltages and higher lumen outputs 
leading to the development of new 
lamp applications, new fixture de- 
signs, new photometric curves and 
new coefficients of utilization and 
visual efficiency. 

With higher intensities being 
prescribed and accepted, new heat 
problems are arising, said Hess in 
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his talk, and this is directly affect- 
ing air cooling requirements and 
design considerations. However, 
lamp heat can be used advantage- 
ously to heat buildings in many 
instances, he maintained, while 
cooling of fixtures can be achieved 
by circulating exhaust air or water 
through or around lighting trof- 
fers, with thermostats and dampers 
regulating amounts of troffer ex- 
haust which are to be recirculated 


or conveyed out of buildings. 


On the final day of the confer- 
ence two Maintenance Clinics were 
conducted on Productive Mainte- 
nance of Electronic Motor Control 
Systems, and a parallel session on 
Static Controls. Both sessions were 
repeated twice, these presentations 


-considering actual trouble-shooting 


methods associated with controls, 
saturable reactors, rectifiers and 
magnetic amplifiers. 

The concurrently staged ‘Elec- 
trical Industry Exhibit, presented 
under the chairmanship of Charles 
H. Hays, Electrical Estimators, 
Inc., displayed products and serv- 
ices of some 100 manufacturers 
and distributors. Certificates of 
Merit were presented to Alcoa’s 
Rome Cable Div., Harvey Hubbell, 
Inc., and The Rigid Tool Co. for 
presentations judged for effective- 
ness, useful informational or in- 
structional value. Judges included 
Ralph Hoover, Hughes Aircraft, 
Ernest Nelson, Chicsam Co., and 


Charles Keeble, Union Pacific Rail- , 


road. Show promotion was directed 
by Henry Bush, Littlejohn-Reuland 
Corp. es 


EASA News 


Carl W. Sievert of the Sievert 
Electric Co. family, which has pro- 
duced two international presidents 
of EASA, was recently elected 
president of the Cook County (Chi- 
cago) Electrical Contractors Asso- 
ciation. He is the son of Carl A. 
Sievert and brother of Paul M. Sie- 
vert, both former heads of EASA. 


e e e e 
Charles Werner, son of Otto Wer- 
ner, immediate past-president of 


‘HASA’s Great Lakes Chapter, was 


recently praised in a feature story 
in the Detroit Free Press for vol- 
unteering to teach at Franklin 
School in one of the city’s juvenile 
delinquent problem areas. A gradu- 
ate of Wayne State University, 
young Werner supplements his 
teaching income by working part- 
time at the family motor repair 
shop, Werner Electric Co. 


e J e e 
Another Detroit motor service 
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| > FLASH PLATES 


PORCELAIN PRODUCTS MAST KITS 
ENGINEERED FOR TODAY’S BUILDING NEEDS 


SERIES 
2075 


OPTIONAL PARTS TO MEET EVERY REQUIREMENT 


SERVICE 
ENTRANCE ~ 
CAPS 


WIRE HOLDERS. 


FLASHINGS 


(for roof line suppord (not for support) 


qmeenes 


PIPE SUPPORTS 


OFFSET REDUCERS 
TIE IN CLAMPS 


Standard and special mast kits, plus a wide range of optional parts and accessories, 


combine to make Porcelain Products Co. your “‘one-stop’’ mast kit supplier. Since service 
entrance masts first became a necessity, Porcelain Products mast kits have been used 
and trusted by electrical contractors the country over. For additional information, or 
for assistance in engineering special kits, write. . . 


PORCELAIN PRODUCTS CO. «+ 225 North Patterson St. + Carey, Ohio 
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“™" LINE=-FLEX 


FLEXIBLE VENTILATED CONDUIT 
. . . the labor-saving, copper saving, ver- 
satile Ventilated Cable Suspension System! 


CHECK THESE 
ADVANTAGES: 

%& No Installation Equipment Needed! 
%* Saves Time, Cuts Labor Costs! 

% Designed for Flexible or Rigid Use! 
+ Outperforms Old-fashioned Methéds! 
x Full Free-air Ratings Possible! : 


Unique, lightweight LINE-FLEX offers obstacle-avoiding flexibility in one 
plane and non-sag rigidity in the other! Requiring NO special equip- 
ment, tools or training to install, it can be used in non-supported 
rigid lengths of up to 14 ft., or in catenary applications of up to 400 ft. 
INSTALLS IN UP TO 25% LESS TIME! Several hundred feet of cable 
may be pulled through up to three 90° bends by a 2-man crew without 
damage or distortion. AND—the free-air ratings obtainable mean even 
bigger savings! 

Available in 2”, 3’ and 4”-dia. Zinc-coated Cold-rolled or Stainless 
Steel; full line of fittings and accessories. WRITE FOR CATALOG. 


DIVISION OF 


yINE . FLEX PERFECT-LINE MFG. CORP. 


HICKSVILLE, NEW YORK 


| 
| 


A VARIETY of persons interested in the 
servicing and maintenance of plant elec- 
trical equipment stopped at the EASA 
exhibit at the Plant Engineering & © 
Maintenance Show, held at Convention 
Hall, Philadelphia, January 22-25. 


__Above, Thomas Marino, a member of 


EASA’s Quaker City Chapter, Marino 
Electric Co., Philadelphia, shows a re- 
wound stator to Alex Malko Jr., elec- 
trical inspector at the Naval Air Turbine 
Test Station, Trenton, N. J. 


shop figured in the news recently 
when George Karabetian, an elec- 
trician employed at Standard EHlec- 
tric Motor Works, was reunited 
with his elderly mother, Mrs. Es- 
ther Karabetian after a. separation 
that dated back to 1943 when Mr. 
Karabetian was marched off to a la- 
bor camp in Germany from the 
family home in Armenia. It was 
necessary for Michigan Senator 


...TO GET THINGS DONE (for Every Industrial Need 


A Richardson-Allen POWER-PLUS Power Supply is your answer ... for machine tools, 
industrial machinery, elevators, generator excitation, regenerative control systems, bat- 
tery chargers, crane and dock-side installations, electroplating and units for hundreds of 
other applications. 


Now,, take a closer look at this POWER-PLUS line. It provides a solid combination of 
96 heavy duty standard models incorporating either selenium or silicon with the most 
advanced circuitry in the industry. Lowest cost per KW, all units now include eight 
previously optional accessories for greater economy. 


Need precise regulation? The Richardson-Allen line provides constant voltage or con- 
stant current with your choice of saturable reactor, magnetic amplifier or transistor 
silicon controlled regulation. 


If you need DC to get things done, an R-A Rectifier will do it better and at lower cost. 


CO Bulletin 701, General Purpose Silicon Power Plus Line 

(] Bulletin 702, Automatic Regenerative Controls 

(J Bulletin 1201, Silicon DC Static Exciters for Sync. Motors 

CJ Bulletin 1300A, Selenium Plating and Anodizing Power Supplies 
(J Bulletin 801, Silicon Plating and Anodizing Power Supplies 

(J Bulletin 1401, General Purpose Battery Chargers 


Send for literature to-— 
day to solve your con- 
version power problems. 
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Richardson-Allen 
Division of Kollsman Instrument Corporation 
Subsidiary of Standard Kollsman Industries, Inc. 
116-15 15th Avenue, College Point, New York 
Cable Address: RIALRECT NEWYORK 
Representatives in Principal U, S, and Canadian Cities 
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| Dodge Reports help you 


make every pitch count 


Whether your electrical business is local or multi- 
state, Dodge Reports can help you concentrate on 
the jobs you have the best chance of landing at a 
profit. Every day, they give you advance informa- 
tion on just the type, size and location of projects 
you're interested in—for just the areas you cover. 

Dodge Reports help you plan for bigger profits 
and volume—help you out-manage competitors 
who don’t have the advantage of this advance 
information. 


©. W. DODGE 


I DODGE 


reports 


GORPORATION 


To get the full details on Dodge Reports, return 
this coupon today. 


ELECTRICAL CONTRACTORS! — WRITE FOR FREE BOOK 


a a ee ee ae ee eee eee “I 
| Fw. Dodge Corporation : I 
| Construction News & Statistics Div., | 
| Dept. ECM52, 119 W. 40th St., N.Y.18, N.Y. I 
I’d like to receive your free booklet vow 
>| suBCO 

I “How Subcontractors Get More Work pelt ied a | 
I in New Construction” and details on CONSTRUCTION | 
| how Dodge Reports can help me in-° — | 
| crease volume and profits. i 
. Name I 
| Company Title i 
Address j 
I City Zone State | 

mall 


| 
I 
I 
I 
I 
j 
i 
I 
I 
t 
i 
l 
l 
i 
| 
I 
I 
I 
! 
i 
I 
I 
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Luminaire 
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NEW 


LIGHTING 


for convenient 
GROUND LEVEL MAINTENANCE. 


Now, P & K lighting standards are available 
with this new approved mechanism — ideally 
suited for locations inaccessible to maintenance 
equipment or where such equipment is not avail- 
able for any reason. Thus, to the maintenance 
free strength and beauty of P & K all-aluminum 
standards, you enjoy the economy and conveni- 
ence of ground level relamping or service. 


The lowering mechanism, model LM-1, is avail- 
able with P & K single and twin arm standards 
with truss arms up to 15 feet. It can be used to 
support incandescent or mercury vapor lumin- 
aires, pendant type, and bail or yoke suspended 
single or twin floodlights. 


For helpful technical data, write for 6-page catalog LM-1. 


PFAFF & KENDALL 
84 Foundry Street, Newark 5,N. J. 


Branch Sales Office: San Jose, California 
In Canada: Powerlite Devices LTD., Toronto, Montreal, Vancouver, 
Export Representative: Philips Export Co., New York, N. Y. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . . 


GEORGE H. BROWN, partner in the 
newly formed B&H Wire & Insulation Co., 
Phoenix, Ariz., visits the Electrical Ap- 
paratus Service Association exhibit at 
the Electrical Insulation Conference in 
Washington, D. C., held February 19-22. 


Philip A. Hart to intercede with 
the Russian authorities in Mrs. 
Karabetian’s behalf before she was 
given permission to come to the 
U. S. to live with her son and his 
family. Mr. Karabetian is termed 
“an excellent worker” by employer 
S. S. Moran. 


Nearby, in Toledo, Ohio, another 
motor shop executive was praised 
over the air for providing new jobs 
for the community through the cre- 
ation of industrial parks. 

He was Stanley Romanoff, presi- 
dent of Ontario Equipment Co. Edi- 
torials broadcast over WSPD and 
WSPD-TV recently told of Mr. Ro- 
manoff’s ability to combine profit- 
able enterprises with civic better- 
ment. “His approach is simple,” 
the editorial read in part, “Bargain 
for a good buy. Scout for tenants 
(preferably ones who can use the 
products Mr. Romanoff sells). Keep 
the rent low, or sell at a low mar- 


AT THE EXHIBIT of Lenni Products, 
Lenni Mills, Pa., Charles L. John- 
son, Charleston Electric Supply Co., 
Charleston, W. Va., visits William Weir- 
ich, owner of the Lenni company. The 
occasion was the recent Electrical Insu- 
lation Conference held last February 
19-22 in Washington, D. C. 
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ONE POSITIVE, THRU-BOLT CONNECTION...... 
AND BULLDOG XL® BUS DUCT JOINTS ARE LOCKED TIGHT UNDER A TON OF PRESSURE !! 


KEYED BUS BAR ENDS ALIGN AUTOMATICALLY. FAST ... SAFE... DEPENDABLE. CONTACT 
YOUR LOCAL I-T-E SALES OFFICE TODAY IMAGINEERING THROUGH ELECTRICITY. 


BULLDOG ELECTRIC PRODUCTS DIVISION 


BOX 177 + DETROIT 32, MICHIGAN In Canada: 80 Clayson Rd., Toronto, Weston, Ont. 


@}) i I-T-E CIRCUIT BREAKER COMPANY 


DONGAN 
UIET DRY TYPE 
TRANSFORMERS 


Dongan has specialized in the manufacture of dry type trans- 
formers for more than 50-years. This length of service to the 
electrical industry assures you of high quality, dependable trans- 
formers. Carefully built to your requirements, they will give 
long, quiet service. : — 


DONGAN DRY-TYPE TRANSFORMERS are made in both Class B 
80° Cent. Rise and Class H 150° Cent. Rise. Single phase trans- 
formers, 25 V.A. to 100 KVA; three phase, 3 KVA to 300 KVA. 
Suitable for indoor or outdoor applications. Designed for wall or 
platform mounting. All have roomy wiring compartments. 


Sizes 5 KVA and larger feature tap-changing and voltage-changing 
terminal board equipped with solderless connectors for speed hook-up. 
Built to meet or exceed NEMA specifications. 


Dongan also makes transformers for-signaling-machine tools- 
conirol-buck and boest-high voltage secondary for oil and gas 
burners-neon signs. 


DONGAN ELECTRIC MFG. COMPANY 


2980 Franklin Street 
Telephone: LO-7-3974 


Detroit 7, Michigan 
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RETURNING to the EASA board as a’ 
director after an absence of three years) : 


was William W. Saunders, Lenawee Elec- 


tric Co., Adrian, Mich., (left), shown 
here with C, S. Moran, Standard Electri 
Motor Works, Detroit, Mich., whom Mr. 
Saunders has succeeded. 


cin. Help the tenant move and buy 
needed equipment. Plow the profits 
back to repeat the whole process. 
The results are community growth 


i 
wv 
i 


i 


4 
i 


: 


| 


and new or better customers for Mr. 


Romanoft’s prosperous firm.” 


A popular EASA leader in Co-i 


lumbus, Ohio, has changed jobs. | 
Don Osenbaugh, formerly service 
manager of J. L. Hughes Electric 
Co., has joined Butcher Electric Co., — 
San Jose, Calif., in a managerial — 
position. 


e es e es 

Formation of a special commit- 
tee to keep government advised of 
the needs for critical materials of 
the electrical apparatus service in- 
dustry is under consideration by 
EASA’s Executive Committee. Dur- 
ing World War II as well as during 


4 


; 
rc 
I 

3 
4 
‘ 
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OBSERVING a Kenco Pump display in- 
stalled at the EASA exhibit at the Plant 
Engineering & Maintenance Show, held 


January 22-25, at Convention Hall, 
Philadelphia, are, from left James 
Previty, Penn Electric Motor Co., Phila- 
delphia, president of EASA’s Quaker 
City Chapter; Milton Eisenhardt, owner 
of a motor repair firm named after him, 
Pensauken, N. J.; and Bruce Bender, 
Kufen Electric Motors, Warminster, Pa. 
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ide “Prefer 


= 


On your next “wire handling” require- 
ment check with one of our authorized 
distributors in your area — he’ll have 
4 : what you need to do the job right. 


Write for our complete catalog of elec- 
trical construction products. 


The Thomas & Betts Co. Ancorp ed 
: dn Canada, Thomas 


ee 


Betts Ltd. 


. izabeth, New Jersey 
Montreal 


Who stay young with T&B products 
. . . who come home with a spring 
in their step and ready for fun. 


We really can’t promise that T&B products 
will make you a kid again But you'll 


feel better in all ways when you see how 
tough jobs can be made easier. Here are 
a few of our products that will add extra 
quality to wire handling and send you 
home with a smile. 


CABLE INSTALLATION KIT 
Everything for bending — slicing — stripping 
cable. Bend cable up to 750 MCM, slice cable 
to 1,000 MCM and strip cable from #1 to 
1,000 MCM. 


TY-RAPTM CABLE TIES 
I : AND STRAPS 
Six times faster than 


tying with string — low 
cost installation can be 
done by tool or hand. 
Wide range of TY-RAPS 
for tying, clamping, 
mounting and iden- 
tification. 


STA-KON® TERMINALS 
Industry's most com- 
plete line of insulated 
and non-insulated termi- 
nals #26 — 250 MCM. 
Ring tongue, forked 
tongue, wire joints, 
splices, disconnects and 
flag. 

WT100M installs #22 — 
#10 wire range. 


COLOR-KEYED® LINE 
LUGS, TAPS, JOINTS 
AND CONNECTORS 
color-keyed for instant 
selection by wire size. 
One tool installs the 
whole range #8 AWG 
through 500 MCM. 
Exclusive T&B compres- 
sion method insures 
permanent, low - resist- 
ance connections. 


SOLD. COAST-T0-COAST THRQUGH AUTHORIZED T&B DISTRIBUTORS 


ti TB 


ENGINEERED 4 


ACTUAL SIZE 


PAT. NO. 
2,743,330 


| The only competitively priced 
quiet switch with both screw and 
| E-Z Wire’ pressure terminals 


Now you can meet both low-budget and premium qual- 
ity requirements with this new EAGLE Toggle-Type 
Residential Quiet Switch. It operates on famous Eagle 
patented principle that provides “fast makes” and “slow 
breaks” through automatic mechanical action... 
not hand movement. Single pole and three way. Plaster 
ears. Takes #14 or #12 wire. Has extra common termi- 
nal connections for continuous wiring. For use in any 
position with all standard wall plates. Individually pack- 
aged in cellophane-wrapped Eagle “SHO-PAK”’. Also 
bulk packed on special request. Single Pole: No. 1021B 
— Brown; No. 1021V — Ivory. 3-way: No. 1023B — 
Brown; No. 1023V—Ivory. 15 AMP—120V—AC only. 
Meets Fed. Specs. Also available in TOUCH-A-MATIC ~ 
types. Write for FREE sample and literature. 


SOLD THROUGH WHOLESALERS ONLY 


EAGLE ELECTRIC MFG. CO., Inc. 


DEPT. 5, 23-10 BRIDGE PLAZA SOUTH, LONG ISLAND CITY 1, N.Y. 
“PERFECTION IS NOT AN ACCIDENT” 


—sota Electrical 


POST-SESSION huddle at recent Minne- 
Association meeting in 
Minneapolis finds Earl Sorg (left), Hast- 
ings Electric, Hastings, Minn., and Melvin} 


Rixman, Southside Electric, Minneapolis, | 


discussing contractor problems. 


the Korean emergency, the associa- 
tion was successful in obtaining 
priorities for copper wire and other 
items under federal controls. 


Ralph Mollet, vice-president of 
Flushing Electric Co., Flushing, 
N. Y., has been named “EASAN of 
the Month” by the association. He 
recently retired after two terms as 
president of the association’s New 
York Metropolitan Chapter. He 
started in the industry in 1923 as 
an apprentice at The Maintenance 
Co. ; 

e e e e 

A number of EASA chapters 
have elected new officers for terms 
ending next spring. 

They are: 

Wisconsin Chapter: president, 
Carl Wojahn, Badger Armature 
Service, Waupan, Wis.; vice-presi- 
dent, James Koenig, Koenig Elec- 
tric Co., Milwaukee, Wis.; and sec- 


ELECTRICAL CONTRACTOR S. J. Ber- 
quist, Litchfield, Minn., tells Electric 
Heating Forum at recent Upper Midwest 
Electrical Industry Convention in Minne- 
apolis that family living habits should be 
considered when designing an electric 
home heating system. Otherwise, custo- 
mer may be dissatisfied with operation 
and costs. 
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POWearinetionsc® @ 


How?—by stopping heat before it starts. An 
exclusive blade design keeps the arc from the 
contact area. There’s no burning or beading. 
One-piece copper construction eliminates 
joint heating. Tin plating stops heat caused 
by corrosion and wear. Results: the switch 
stays cooler, lasts longer. : 

Other valuable Westinghouse features in- 
clude the De-ion arc quencher and visible 


blades. These long-lasting safety switches have 
been tested at 100,000-amp fault currents with 
current-limiting fuses. Get all the reasons why 
Westinghouse switches are preferred for rug- 
ged applications. Ask your local Westinghouse 
distributor or salesman forinformation, or write 
Westinghouse Electric Corporation, Stand- 
ard Control Division, Beaver, Pennsylvania. 


You can be sure...if it’s Westinghouse. _3-30335 
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Westinghouse 
gives you 
longer 
Safety switch 
life 


Westinghouse 
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UTILITY PREVENTS ELECTROLYTIC 
CORROSION—-RELIES ON 


MEGGER® GROUND TESTER 


Worcester County Electric Company’s underground cable system in 
central Massachusetts was the target of severe corrosion caused by low 
ground resistance to stray electrical currents, until laboratory tests revealed 
the situation. 

After acting quickly to repair the corroded sections, the utility embarked 
immediately on a preventive maintenance program to stop further deteri- 
oration. The program was built around continuing tests with a Megger 
Ground Tester, selected because of the speed, ease and accuracy it provides 
in obtaining readings. 

After a year’s use, Worcester Electric finds that the Megger Ground 
Tester gives these advantages: 


1 It functions at all times 

2 It does not have to be balanced 

3 It does not require a power supply 

4 It requires a minimum of maintenance 
5S It takes rapid, accurate readings 


Savings attributed to the Megger Ground Tester preventive maintenance 
plan run into thousands of dollars per year. Worcester Electric is now able 
to spot areas of low resistance in their cables sufficiently in advance of 
actual breakdowns so that complete counteracting measures can be taken. 


DO YOU HAVE THIS INFORMATION FILE ON GROUNDING ? 


The James G. Biddle Co. File 25 is an excellent fund of information on grounding 
problems. It includes a manual on Ground Resistance Testing, and bulletins on 
“Grounding Electrical Circuits Effectively’ and “Grounding Principles and 
Practices Applied to Industrial Plants.” 


Write Now for Your Copy of Ground Testing File 25ECM. 


JAMES G. BIDDLE CO. 


Electrical & Speed Measuring Instruments 


1316 ARCH STREET e PHILADELPHIA 7, PA. 


Bio16 


JASTRUMENTS 


UL‘S JOB is to get safe equipment into  } 
the hands of the public, Merwin Brandon, — 
president, | Underwriters Laboratories, 
Inc., Chicago, tells 
recent Upper Midwest Electrical Industry 
Convention Code Session in Minneapolis. 


retary-treasurer, Ray Chafee, In- ‘i 


dustrial Motor Service, Racine, 
Wis. 
Western Michigan: president, 


Norman Vliek, Rowen & Blair Elec- 
tric Co., Kalamazoo; vice-president, 
John Weeks, Weeks Electric Co., | 
Grand Rapids; secretary-treasurer, * 
Ernie Crook, Beall, Gibson & 
Roush, Kalamazoo; Paul Bogdan, 
Clement Electric Co., Grand Rapids, 
and Robert Rape, L. R. Klose Elec- 
tric Co., Kalamazoo, Mich., direc- 
tors. 

Quaker City: president, George 
McDaniels, Kufen Electric Motors, 
Warminster, Pa.; 1st vice-presi- 
dent. Thomas diMarino, Marino 
Electric Co., Philadelphia; second 
vice-president, George Wagner, 
Wagner Electric Service, Philadel- 
phia; treasurer (reelected) Milton 
Eisenhardt, operator of a firm un-~ 


der his own name in Pensauken, —: 


N. J. Executive committee mem- 
bers include James Previty Jr., 
Penn Electric Co., Philadelphia; 
Walter Gibson, Buckley Electric 
Co., West Atlantic City, N. J.; and 
C. Bernard Hull, Neuhauser, Inc. 

Great Lakes: president, Chris 
Palmer; ist vice-president, Bill 
Lugar; 2nd vice-president, Joe Bi- 
licki; secretary (reelected) Charles 
Smith; treasurer, J. R. Watterson; 
and Bill Cotter and Bill Howard, 
directors. 

Chicago: president, William Lue- 
beker, Hyre Electric Co.; vice- 
president, William Kaska, Chicago 
Electric Co.; secretary, Walter W. 
Hendricks, Hendricks Electric; 
treasurer, Leroy Nettgen, Arthur 
Wagner Co.; J. G. Lessel, Robert 
Ferrari, Clarence Jepperson, James 
Beals, John J. McKenna, Abe Mar- 
cus and Zigmond Pluskota, direc- 
tors. 
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| FULL-FLEX 


CABLE SUSPENSION 
SYSTEM 


for 
R “FREE AIR” 
| RATING 
G 
| Separators used 
with “Ventilated 
“D FULL FLEX 
per inset. 
©, 
R 
F 
L 
E 
X 
I 
B 
L 
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PIPE OR CONDUIT 


HANGERS 
No, 470 Series 


The saddle or pipe support can be 
turned 360°, permitting pipe to run 
parallel or at right angle. 

Made of highest grade malleable 
iron, with case hardened set screw 
—all cadmium plated. Also made in 
high tensile strength Aluminum. 
Sizes 2” thru 21/2". 

Excellent for confined areas. No 
drilling, no use of straps. 


" CATROBE” PRODUCTS 


The “FULL-FLEX” Cable Suspension System is a modern method of 
permanently, or temporarily suspending electrical cable in Indus-_ 


trial, Mining and other applications. 


It offers complete flexibility or 


non-sag rigidity. Simplicity of installation, maintenance, inspection 


. . . at lower cost. 


“FULL-FLEX” may be used for rigid installations up to 14 feet on chan- 
nel center lines, or as catenaries up to 400 feet or more. 


Actual installation example—using 3” “FULL-FLEX”, 80 feet long (one 
piece), with two 90° bends, four 30° bends and support on six channels, 
14 feet apart, accomplished in four man hours. 


“FULL-FLEX” hangers and clamps fit standard slotted channels. 


Furnished in 2”, 3” and 4” diameters—galvanized or stainless—100 ft. 
coils, on reels. “FULL-FLEX” is bent by hand and cut with a hack saw. 


No. 190 
ADJUSTABLE 
STEEL BOX 


Steel Box with a 314” diameter brass cover 
plate. There are two 42” and two 34” KO’s 
in sides and two %” and three 12” KO's 
in bottom. Comes in two standard heights 
—3'" and 25” minimum. Designed for 
power or telephone service. 


This new compact, modern, attractive, 
or anodized aluminum. Not die-cast 
nozzles, but drawn of heavy stock. 
They are made single or double (back- 
to-back) and include 1” nipple. 
Height 2%"—Width 2%"—Length ..) 
3142” One inch shorter in length than 
standard under floor duct nozzles. 


Visit Booth 711 N A E D Convention—May 13-16 


Pittsburgh Civic Auditorium 


FULLMAN 


Add Receptacle 
Yourself 


SERIES 


FLUSH TYPE 


NOZZLE 
No. 307 Series 


streamlined Re- 
ceptacle and Telephone Nozzle comes in brass (lacquered) 


No. 122 
CAST IRON 
BOX 


Adjustable Floor! Box with cast iron box 
body. Contains all the same advantages, 
receptacle adaptability, etc., as found in 
Fullman’s No. 190 series steel-bodied floor 
boxes. Brass or Aluminum Top Assemblies 
to go with nozzles at no extra cost. 


Adjusting ring for our No. 122 
and No. 190 series is so de- 
signed that “KEY” (shown in 
center of photo) drops easily 


into special slots. You select 
the receptacle required and 
simply “LAY-IN”’; then “LAY- 
ON” receptacle ring. This has 
been added at no extra cost. 


FULLMAN MANUFACTURING COMPANY 


1209-1215 JEFFERSON STREET, LATROBE, PENNSYLVANIA 
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New micro-miniature units . . . 
latest additions to General Electric's 
full line of photoelectric controls 


New micro-miniature light sources and receivers add new 
versatility to General Electric’s full line of photoelectric con- 
trols and sensing devices. Measuring only 34-inch in diameter, 
the light source and receiver are designed for use where space is 
a problem. Easily installed, and requiring no focusing, they will 
deliver exceptional performance for many applications. The 
light source is rated up to 20,000 hours; the solid-state receiver 
delivers almost infinite electrical life. 

General Electric offers a full line of photoelectric devices and 
systems for every job; also voltage-, or resistance-sensitive 
relays, a smoke-density indicator, radiant-heat detector, and 
electronic timers. For complete information, write for, General 
Electric’s new ‘“‘Photoelectric Control’’ bulletin, GEA-6822, 
General Electric Company, Schenectady, New York. 


793-07 


Specialty Control Department, Waynesboro, Virginia 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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melting systems, lain Campbell, 


Upper Midwest Electric Heating Forum 
in Minneapolis that low-watt density 
heating cable is the most economical and 
efficient system. 


Cable Makers See 
Import Threat 


The insulated wire and cable in- 
dustry “approves the broad objec- 
tive of expanding the export trade 
of the U.S.” but is of the opinion 


that it is at a substantial disadvan- 


tage in attempting to compete with 
foreign manufacturers in either 
foreign or domestic markets “in 
view of the major cost advantages 
possessed” by overseas wire and 
cable companies. 

Thus C. W. Higbee, consultant to 
the Wire and Cable Division of 
NEMA speaking at the Division’s 
meeting in Absecon, N. J., on April 
17, commented on the industry’s 
viewpoint toward current tariff 
proposals. He cited a list of eight 
safeguards to “provide effective im- 


port relief to domestic industries” 


in appropriate cases.” 

He challenged the effectiveness 
of the Administration’s proposals 
not only on the prevailing cost dis- 
advantage of American producers, 
but cited several prevalent restric- 
tions engaged in by: foreign coun- 
tries, aside from tariffs, including 
“grandfather” clauses, refusal to 
provide bidding information and 
other devices which prevent U.S. 
companies from offering bids to 
foreign purchasers, usually 
agencies of their governments. 

In the economic outlook the lag 
in investment is rapidly becoming 
this nation’s number one domestic 
problem, reported Martin R. Gains- 
brugh, chief economist of the Na- 
tional Industrial Conference Board. 
He cited a lower-than-average rate 
of recovery from the February 1961 
trough in the business cycle and a 
long term decline in the corporate 
profit rate. 


COMPARING THREE basic types of snow- 
Easy-| | 
Heat, Inc., New Carlisle, Ind., tells recent — 


3 


C. H. Bartlett, vice president, 
Westinghouse Electric Corp., told 
the conference that nuclear power 
will “certainly become competitive 
in the 1960’s in the high cost fuel 
areas of the country for large size 
generating units.” 

Also, he continued, EHV—the 
transmission of electric energy at 
extra high voltages over long dis- 
tances “will encourage intercon- 
nection and pooling’ and “move 
larger blocks of energy more eco- 
nomically and efficiently through 
congested areas.” 


Baltimore Local 28 
Reinstated in IBEW 


After a long and bitter contro- 
versy including complex litigation 
in the Federal Courts, Baltimore 
Local 28 has been reinstated in the 
IBEW. 

Local 28, last year, called a strike 
in defiance of IBEW constitutional 
procedures without the approval of 
International President Gordon 
Freeman. Its charter was revoked 
and charges brought against 15 
officers and members of the Local 
before the International Executive 
Council of IBEW. 

An opinion was handed down on 
March 7 by Judge Thomsen of the 
U. S. District Court of Maryland 
which called for reinstating Local 
28 but allowed limited disciplinary 
action against responsible officers 
and members by IBEW. 

Subsequent action by the IEC ex- 
pelled A. L. Eveson, president, and 
J. Beckhardt, business manager of 
Local 28 from the IBEW. Certain 
other officers and members were 
barred from attending meetings or 
holding office for various terms. 


PRACTICE SAFETY urges electrical con- 
tractor Elroy Lehn, Anoka, Minn., at 
Minnesota Electrical Association confer- 
ence in Minneapolis. Lehn is vice chair- 
man of the electrical section of the Min- 
nesota Safety Council. 


ELECTRICAL CONSTRUCTION 


EVEREADY inciceeo CORE DRILLS 


Now you can have all the Power, Speed, Pro- 


SPEED... | 
PRODUCTION 


EVEREADY 


DIAMOND 


CORE BITS 


WITH BUILT-IN ADAPTORS 


Made with Finest 
Natural Whole Diamonds 


Now Eveready combines bit and 
adaptor to guarantee precision line- 
up... Eliminate Core Bit “run-out” 
...Increase Diamond Life... As- 


sure Greater Drill-Ability. 


Eveready’s Single-Unit Bit and 
Adaptor cuts out bit slippage... 
Stops Down Time from lost or dam- 
aged adaptor parts, as well as Down 
time because of wrong-size adaptor. 


duction you need and want in a Core Drill. 
> You can drill holes in reinforced concrete, 
masonry materials, stone, refractories...in 
minutes. Choose the precison-engineered 
Eveready Core Drill you need. There’s a 
model for every drilling application. 


CHECK THESE FEATURES: 


Two-Speed Super or Two-Speed Heavy Duty 
Power Unit 

Full 360 Degree, Any Angle Drilling 

Adjustable Horizontal and Vertical Bracing 

Thermal Motor Protector and Overload Clutch 

Dual-Column Design and Column Stabilizers 


Eveready Super Duty CD-180-360 Degree, any 
angle drilling for holes up to 14” in diameter. 
Equipped with a 2-Speed, Super-Duty 18-Am- 
pere Power Unit. Change speeds _ instantly 
with a shift of the lever. Instant choice of the 
most efficient speed for the size of the bit 
and the material to be drilled. Develops up to 
31/2 H.P. rated load at speeds of 210 RPM and 
550 RPM. 115 Volt or 230 Volt. High-strength 
aluminum housings. 


Special heat treated gears. Thermal Motor 
Protector eliminates motor ‘‘burn-out’’. Over- 
load Clutch protects motor, gears, and bit. 
Built-in water swivel assures ample, even flow 
of water to the bit. Easily attached Vacuum 
Hold Down Unit. 


Heavy Duty CD-120—has all special and exclu- 
sive features of the Super Duty CD-180 except 
comes equipped with 2 Speed, Heavy Duty, 12 
Ampere Power Unit for drilling holes up to 8” 
in diameter. 


Compact CD-100—for drilling holes up to 412” 
in diameter. Equipped with special 10 Ampere 
single-speed power unit. Gear change kit avail- 
able. Develops up to 114% H.P. High strength 
aluminum housings...ventilated for cool op- 
eration...heat treated gears. Motor can be 
removed and converted to hand held drill with 
purchase of optional Handle Kit... Thermal 
Motor Protector...Adjustable Jack Screw for 
vertical bracing. 


You can 


Cut Your Drill Bill 


with Eveready Diamond Core Bits 


core barrels reduce barrel rup- 
ture to a bare minimum. Strict 
controls during each step in 
the manufacture assure uni- 


| 

| 

| 

| 

Thicker, stronger heavy-duty 
| 

| 

| 

| form, top-quality bits. 


Write today for the name of your 
nearest Eveready Distributor 


1104 UNION AVE. 


KANSAS CITY 
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Be Sure with Field Tested 


MINERALLAC 


NO. 100 
ePULL-IN.” 
COMPOUND 


Cuts Costly Minutes from Every ‘‘Pulling Job’’ 


For Use on Rubber, Synthetic, Plastic 
or Lead Covered Wire and Cables 


MiwWe RAL gat 
“PULL IR” 


COMPOUND | 


AVAILABLE IN PINT, QUART, 2 GALLON, GALLON, 
5 GALLON CONTAINERS AND 50 GALLON DRUMS 


Minerallac ‘‘Pull-in’’ Compound No. 
100, approved by Underwriters’ Labo- 
ratories, was especially developed to cut 
costs and speed up electrical installa- 
tions. It lubricates thoroughly, thus re- 
ducing tensions on hard pulls and facili- 
tating easy pulling of wires and cables 
into conduits. 

You can be sure of Minerallac Com- 
pound No. 100... it has been field 
tested for years. Here are a few exclusive: 
features of Compound No. 100: 


e Non-injurious to wire 
or cable! 

e Non-injurious to skin 
... non-toxic! 

e Contains no petrole- 
um products! _ 

e High in lubricating 
value! 


e Easily applied by 
hand! 


e No offensive odors! 


e Will not dry out or dis- 
integrate in the can! 


e Will not run, drip or 
stain! ; 


Order from Your Electrical Wholesaler 
LITERATURE OR SAMPLE ON REQUEST 


MINERALLAC C47 COMPANY 


ESTABLISHED 1894 
25 N. PEORIA STREET * CHICAGO 7, ILLINOIS 


New Books 


Standard Refrigeration and Air 
Conditioning Questions and An- 
swers, by Stephen M. Elonka and 
Quaid W. Minich; 253 pages; 
$6.95. McGraw-Hill Book Co., 330 
W. 42nd St., New York 36, N. Y. 

A practical introduction to air 
conditioning and refrigeration in 
a variety of industries, directed to 
operating and servicing personnel 
and students of trade, vocational, 
and technical institutes. Emphasis 
is on basic equipment and theory. 


Industrial Control Instruments, by- 


B. Chester Delahooke, $4.75. Del- 
mar Publishers Inc., Albany 5, 
ING Yee 

Principles and application of 
pressure and temperature controls 
such as bourdon tubes, pressure 
gages, bellows elements, controller 
mechanisms, graphic manual sys- 
tems, and thermoelectric devices, 
with illustrations and complete 
descriptions. Included are chap- 
ters on basic control theory, tem- 
perature effects, and absolute, 
gage, and differential pressures. 


Industrial Process Control, by B. 
Chester Delahooke and Leslie M. 
Zoss; $5.75. Delmar Publishers 
Inc., Albany 5, N. Y. 

Intended for use by plant per- 
sonnel who require knowledge of 
the basic principles of instrument 
application. Two major parts of 
the book treat fundamental control 
theory and applications of control 
processes. Basics include discus- 
sions of such concepts as the 
closed loop, system stability, step 
response, and frequency response. 
Specific industries covered include 
food canning, freezing, and de- 
hydration; milk production; sugar 
processing; pulp and paper; tex- 
‘tiles; the brewing industry; and 
air conditioning. 


Automatic Control of Heating and 
Air Conditioning; Second Edition, 
by John E. Haines; 375 pages; 
$10.50. McGraw-Hill Book Co., 330 
W. 42nd St., New York 36, N. Y. 

Devoted to the fundamentals, 
selection, and application of auto- 
matic control devices. Basic prin- 
ciples are introduced and illus- 
trated, followed by analyses of 
controls and circuits and their in- 
tegration into complete systems. 
New chapters in this edition in- 
clude electronic control units, elec- 
tronic control circuits, control of 
domestic air conditioning, and 
control of peripheral distribution 
units. 


Line Voltage 


ELECTRIC 
HEAT 
THERMOSTAT 


INCORPORATES 


HERMETICALLY SEALED 
MERCURY SWITCH 


ENGINEERED TO 
PROVIDE 
TROUBLE-FREE 
PERFORMANCE 


The mercury switch is your 

protection against open arcing, and 
cannot be affected by grease, dirt, 
dust, lint or moisture. 
Settings are quickly made by means 
of the knurled knob located on right 
side of thermostat. Knob may be 
removed to prevent tampering with 
temperature setting. 


Simple to install and easy to wire. 
An adapter plate is provided for 
mounting thermostat directly to a 
standard wall switch box. All wiring 
is quickly made by means of a ter- 
minal block located on back of ther- 
mostat 


WRITE FOR BULLETIN No. 036 
THE MERCOID CORPORATION 


4201 Belmont Ave., 
Chicago 41, Ill. 
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Save Time, Money 


Sneed Installations 
with... 


P-W 


CABLE SUPPORTING 
SYSTEMS 


P-W’s TYPE “E” (PUNCHED 
BOTTOM) TRAYS—FOR POWER 
AND CONTROL CABLES AND 
INSTRUMENT TUBING—ALTHO 
LESS EXPENSIVE, ARE STRONG- 
ER, VERSATILE AND SUPERIOR. 
CONTROL CABLE CAN BE 
DROPPED OUT ANYWHERE. 


Engineers, Contractors and installers 
look for QUALITY, LONG LIFE, AND 
LABOR SAVINGS in their supports. That’s 
why more and more users are turning to 
P-W. Among our outstanding improvements 
are: CONNECTIONS that are quick and 
easy to install—PRE-CUT SYSTEMS sav- 
ing installation time—EXTENSION CON- 
NECTORS eliminating field cutting to com- 
plete runs— ADJUSTABLE HORIZON- 
TAL and RISER CONNECTORS to go 
over, under or around’ pipes, trusses, col- 
umns, etc; — BUILT-IN ADJUSTABLE 
DROP-OUT SECTIONS eliminate cutting 
out bottom of tray—STRAIGHT SEC- 
TIONS available in lengths up to 16’ 
(3344% less connectors and less installation 
time over 12’ lengths). 

P-W SUPPORTS are available in hot 
dip galvanized steel or aluminum, in 
LADDER, EXPANDED METAL and 
SOLID TRAYS in addition to Type “E”, 
All systems are interchangeable. Write for 
Catalog 858-A. 

For the utmost in service, contact the ap- 
propriate Representative in your territory 
‘|. or P-W direct, regarding inquiries and 
placing orders, 


INDUSTRIES 
11200 Roosevelt Blvd. 
Philadelphia 15, Pa. 


...the right name for all 


your outdoor lighting needs 


@ SERVICE STATION @ OUTDOOR ADVERTISING 
@ INDUSTRIAL @ COMMERCIAL @ POLES 


For complete catalog, write or wire Dept. E. 


step 25 
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Electrical Contracting, by Ray 
Ashley. 294 pages; $10.00. Mc- 
Graw-Hill Book Co., 330 W. 42nd 
St., New York 36, N. Y. 

A companion volume to the au- 
ilar ae thor’s Electrical Estimating, this — 
book is intended for the electrical — 
contractor desiring to increase his 
business by more efficient manage- — 
ment and understanding of his — 
field. Among the problems covered — 
are: how the man contemplating the — 
electrical contracting business can 
appraise his own qualifications; 
how much it will cost to get started; 
how-—much it will cost to maintain! | 
the business until it is self-support- — 
ing; how much business will be 
needed to warrant continued opera- 
tion; the man-power problem; the 
necessary functions of a well quali-. 


Buy the part or buy the package... 


MAST KITS 


save on installation costs 


Modern, time-saving slip-fittings used through- 
out — eliminating thread-cutting and reducing 
installation time. Choose from the most com- 
plete line of Mast Fittings available. Sizes for 
1144” to 4” conduit risers. Save, too, on M&W’s 


complete line of Service Cable Fittings. 


Send now for Catalog EF-61. 


The M. & W. ELECTRIC MFG. CO., Inc. 


EAST PALESTINE, OHIO 
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One drop 
of LOCTITE 
sealant 
anda 
set screw 
stays put! 


LocTITE sealant wicks between threaded 
surfaces . . . then hardens in the joint. Lock- 
ing action extends over entire engaged area. 
Result: an end to costly breakdowns caused 
by vibration-loosened screws. Parts treated 
with LocTiTE sealant are removed easily 
with ordinary tools. 


For literature and free sample, call 
your distributor or write us. 


LOCTIT Ei? 


AMERICAN SEALANTS COMPANY 
349 North Mountain Road, Hartford 11, Connecticut 


fied contractor; how to select the 
better contracts; how to make the 
most of contracts obtained. Addi- 
tional chapters deal with operat- — 
ing costs, conducting overhead-cost 
studies, writing proposals, conduct- — 
ing labor-cost studies, and training 
apprentices. 


30 Instruction Units in Basic Elec- — 
tricity, by C. E. Matson; > 1274 
pages; $1.70. McKnight & Mc- ~ 
Knight Publishing Co., Blooming- / 
ton, Ill. 

A complete course of study, out- — 
lined step-by-step. Theory is 
presented simply, and each instruc- 
tion unit contains a job or opera- 
tion in which the theory is used | 
or tested. 


American Electrician’s Handbook; — 
Eighth Edition, edited by Clifford 
C. Carr and Terrell Croft; 1676 
pages; $17.50. McGraw-Hill Book 
Co., 330 W. 42nd St., New York 36, ~ 
IN. Yes bo 
A comprehensive reference to 
the design, installation and main- 
tenance of electrical construction 
and equipment for the practical 
electrical worker. All sections and 
most illustrations have been re- 
vised; all material is in accord- 
ance with the 1959 National Elec- 
trical Code. 


Proceedings of the Sixth Confer- 
ence on Magnetism and Magnetic 
Materials; 309 pages; $10.00. Mc- 
Graw-Hill Book Co., 330 W. 42nd 
St,. New York 36, N. Y. 

A set of 149 papers presented at 
the 1960 annual Magnetism Con- 
ference sponsored by the Amer- 
ican Institute of Electrical Engi- 
neers and the American Institute © 
of Physics. They provide a com-— 
prehensive review of the current 
state of all aspects of theory and 
practice. 
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WEATHERPROOF 


POWER 
OUTLETS 


FOR FARMS, RANCHES, 
CONSTRUCTION AND 
MOBILE HOME PARKS. 


U-L APPROVED 
FOR PROTECTION! 


There are over 150 
4 Midwest Power 

: Outlets in Circuit 
Breaker and Fused 
Models to choose 
from. 


All major Midwest 
Power Outlet 
Models are U-L 
Approved. 


MODEL P 24 GC 


FAST .. . LOW COST 
INSTALLATION! 


All panels are 
prewired. Each 
power outlet has 
solderless terminals 
for fast 
installation. 


A hub in the top 
and K.O.’s in the 
bottom facilitate 
overhead and 
underground 
wiring. 


COMPLETELY WEATHER- 
PROOF — TAMPERPROOF 


Covers close 
completely while in 
use and can be 

™ padlocked to elimi- 
nate tampering. 


Midwest Power 
Outlets are con- 
structed of heavy 
gauge electro-gal- 
vanized steel with a 
gray baked enamel 
finish. 


MODEL P 73 F_ 
SEE YOUR LOCAL 


New Catalog ELECTRICAL 
on Request! DISTRIBUTOR 
OR WRITE — 

Ss 


ELECTRIC PRODUCTS, INC. 


DEPT. 1515—MANKATO, MINNESOTA 
Ea ES ES 


ELECTRICAL CONTRACTOR 
meets NI 


® 


TIME SWITCHES 


Result: MORE DEPENDABILITY 


: iF 


les the tough jobs that separate a quality product from an “also ran.” That’s 
why more and more Electrical Contractors are using Intermatic switches for 
every conceivable timing job. They count on engineered Intermatic reli- 
ability and accuracy for top-notch operation year in and year out under 
the most extreme conditions. Reliability that means more customer satisfac- 
tion and fewer call backs to save you time and money on every job! 


REASONS “WHY” INTERMATIC IS YOUR BEST BUY! 


Snap-out mechanism for faster, easier mounting . . . 81 cubic inches of wiring 
space to work in without getting finger cramp... Top on the job performance 
with a heavy duty motor and 40 Amp rating (4375 watts tungsten rated)... 
Hi-Power switching mechanism and U-Beam Switch Blades assure long life 
. . . E-Z See Dial for faster, more accurate settings. It figures: Intermatic 
gives more switch for every dollar . . . more performance for every job. 


OVER 100 MODELS TO CHOOSE FROM 

e 125-250 Volts @ 10 seconds to 23 hour timings @ 17 
to 96 operations per day @ Up to 55 Amps ® One or 
two circuits @ Standard or ‘‘Skipper’' models 

@® NEW ASTRONOMIC DIAL SERIES 


Oy SS SS ONES A ees 
MY DISTRIBUTOR IS. 


For FREE illustrated color catalog 


Fr | 
I INTERNATIONAL REGISTER COMPANY ] 
I 2624 W. Washington Blvd., Chicago 12, Illinois —f 
| Gentlemen: Please send me your catalog on the com- I 
i plete Intermatic Time Switch line. Bulletin 52-B | 
NAME__. | 
UL and CSA APPROVED j teenage I 
| ADDRESS. I 
l I 
I I 


MAIL THIS COUPON TODAY! 
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You can SEEIT'S be 


BLAGK 


One look tells you that these holding and fastening 
fittings will install quicker, easier 


Pat. No. 3,016,220 


CONDUIT 
HANGER 


SNAP-STRAP FOR 
RIGID CONDUIT 


These are only a few of Blackhawk’s 
complete line of quality holding de- 
vices designed to give you fast, easy, 
accurate installation in any wiring sit- 
uation. 

Each fitting is carefully engineered to 
assure you of top quality and years of 
trouble-free use. Compare Blackhawk 
with other fittings — you can actually 
see the difference. 

At Blackhawk, the smallest fitting is 
designed to specifications as exacting as 


lackhawk 
Ze Jadestries 
Villy 


SNAP-STRAP FOR 
THINWALL CONDUIT 


Blackhawk Industries, Dubuque, lowa 


Where the new ideas come from 


BEAM CLAMP ONE-PIECE 


BOX SUPPORT 


those of larger, more complex electrical 
equipment. 

With Blackhawk you can see the dif- 
ference — in the part and in the job it 
does. Your reputation for quality work- 
manship depends on the quality of the 
products you sell — and when it comes 
to quality you can see it’s Blackhawk. 
Next time you need holding and fasten- 
ing fittings, buy Blackhawk and see 
for yourself. 


moisture just can’t penetrate 


LIQ 


Heavy 
Square 
Locked or 
Interlocked 
Galvanized 
Flexible 


Papdutt in minutes. 


A TYPE FOR 


Distributor. 


New portable cutting vise for holding 


4 


UATITE 


Moisture-Proof Flexible Conduit 


Nothing can get in to damage wiring protected by 
Liquatite. Grease, dirt, oils, alcohols and most other 
corrosive vapors and acids are sealed out. Installed 


EVERY JOB—General purpose Type 


L.T. (J.I.C. approved); Hi-Temp Type H.T.; Type 
L.A. (Underwriters’ Approved); Type C.S.A. (Cana- 


Association) and lightweight Type 


Impervious E 

Molded-On dian Standards 
Polyvinyl A.L.T. (Aluminum). 
Jacket Write for free 


Liquatite sample and name of nearest 


Liquatite and other conduit . . . can be 
(eee hand held on job or bench mounted in shop. i : 
LITE} 
ed ELECTRI-FLEX COMPANY 
P. O. Box 128C -« -: Roselle, Illinois 
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—-National Association of Electrical Dis- 


MAY, 1962 


DATES ANEAD- 


Illuminating Engineering Society — 
Regional Conferences — Midwest/ 
North Central, Radisson Hotel, Min- 
neapolis, Minn., May 10-11; Cana- 
dian, Winnipeg, Man., May 14-15; 
Pacific Northwest, Davenport Hotel, 
Spokane, Wash., May 17-18; South 
Pacific Coast, U. S. Grant Hotel, San _ 
Diego, Cal., May 21-22; Inter-Moun- — 
tain, Western Skies Hotel, Albuquer- 
que, N. M., May 24-25; Maritime, 
Charlottetown Hotel, Charlottetown, 
P. E. L., June 8-9; Northeastern, Ho- 
tel U. S. Thayer, West Point, N. Y., 
June 11-12. f 


tributors — Convention, Pittsburgh, 
Pa., May 12-16. 


Pacific Coast Electrical Assn.—Annual 
convention, Ambassador Hotel, Los — 
Angeles, Calif., May 16-18. 


National Fire Protection Association— 
66th annual meeting, Sheraton Ho- 
tel, Philadelphia, Pa., May 21-25. 


ee 


Edison Electric Institute—Annual con- 
vention, Atlantic City, N. J., June 
4-6. 


Electrical Apparatus Service Associa- 
tion—Convention, Conrad-Hilton Ho- 
tel, Chicago, Ill., June 10-13. 


National Society of Professional Engi- 
neers—Annual meeting, French Lick 
Sheraton Hotel, French Lick, Ind., 
June 13-16. 


International Association of Electrical 
Inspectors — Chapter Meetings — ~ 
Virginia, Hotel John Marshall, Rich- 
mond, Va., June 18-19; Southern © 
Section, Tutwiler Hotel, Birming- 
ham, Ala., October 15-17. 


Los Angeles Home Show — Memorial 
Sports Arena, Los Angeles, Calif., 
June 21-July 1. 


American Society of Heating, Refriger- 
ation & Air Conditioning Engineers 
Inc.—69th annual meeting, Deauville 
Hotel, Miami Beach, Fla., June 25-27. 


‘ 


N. Y. State Assn. of Electrical Con- 
tractors & Dealers—Annual conven- 
tion, Whiteface Inn, Lake Placid, 
N. Y., July 2-7. 


ENGROSSED IN CODE discussion during 
Western Section, IAEIl convention in 
Oklahoma City are electrical inspectors 
K. R. Anderson, Clayton, Mo.; and 
Edward LaPointe, Minnesota State Board 
of Electricity, St. Paul. 


‘Unretouched “ 


shows Sno-Me/tep 
at work in South Bend!. 


WINTER 1962: 

Here’s pictorial proof of the promise, 
“No more snow to shovel” on walks, 
drives, ramps, shipping docks which 
are Sno-Melter equipped! Snow-free 
walk in front of modern McGann 
Securities Co. offices, South Bend, 
shows where electric Sno-Melters were 
installed months ago. j 


SUMMER 1961: 
Installation Was Fast! 


As concrete crews poured and spread, 
electricians unrolled pre-assembled | 
Sno-Melter mats right behind them. -- 


While concrete sections were leveled, 
well-tagged Sno-Melter lead wires 
were fed into pre-arranged junction 
boxes. Electricians were out of way by 
time top 114” of concrete was poured. 


Write for engineering data, catalog. 


Rasy-HEAT ..-. 


“Electric Snow Removal Equipment” 
Dept. ECM, New Carlisle, Indiana 


x 


SAVINGS 


WITH NON-METALL 
Ic 
CONTRACTOR | FIBER Typr CONDUIT WITH CARLON 


, LASTIC CONDUIT | 
: 
eae $63,320 $59,926 $3,394 
ae. 64,800 61,292 : 
Ce | 66,776 


73,598 


WITH CARLON 


Winning Contractor Allows Savings of 
*20/100' With Carlon Plastic Conduit 


Competing contractors on a recent state university installation were 
able to allow savings of as much as $25/100' on Carlon Plastic Conduit 
as compared with another type of non-metallic duct because . . . 
Carlon’s 30-foot length eliminates two joints, lowers installation costs 
_..Carlon’s solvent weld joints are quick, easy, and permanent, require 
no tapering . . . cables easily glide through Carlon’s smooth interior 
walls and joints, will not bind or snag . . . Carlon saves handling 
too, one worker can carry as many as six 30-foot lengths at one time. 


Non-magnetic, corrosion-resistant, fire-resistant, Carlon Plastic Con- 
duit cuts costs and increases job quality on all types of installations, 
underground and imbedded in concrete. 

Get the facts on Carlon’s entire line of Plastic Conduit and Pvttiigs were 


Carlon Underground for concrete encasement and direct burial; competes 
with other non-metallic conduits. > 


Carlon PV Duit for corrosive, exposed and underground applications 
where rigid conduits are used. Type 40, UL listed. 


For the name of your local Carlon stocking distributor, send in coupon. 


ee Carlon Products Corporation 
KNOW THE : P. O. Box 133, Aurora, Ohio Dept. ECM 1-5 


: (J Send me complete information at once. 
ales aes (0 Have your representative see me 


Pe 

= NAVE EES eee 
CARLON) ©: 

rT a COMPANY 


regarding Carlon Plastic Conduit. 


ADDRESS —————______lll____. 


ZONE —— STATE 
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a sg! er a" : 


better 
because 


When received, your VIBRATONE horn is tuned for maximum 
volume. You do not need special horns for the less noisy loca- 
tions. The same horn can do either. 


ELECTRICAL INSPECTOR W. C. Whit- 
ney, president Minnesota Chapter, IAEI, 


Upper Midwest Electrical Industry Con- 
vention in Minneapolis. At right is panel 
moderator H. B. Love, Detroit, president 
of Western Section, IAEI. 


opens Wiring Codes Session at recent — 


A few turns of the adjusting screw gives you any desired volume 
down to a whisper, for factory, school, office or hospital. 

The VIBRATONE adjustment doesn't dampen the diaphragm and 
throw the horn out of electrical balance to shorten its life. It 
maintains electrical balance with reduced current to provide a 
softer tone and increase its life. 


This is another reason why VIBRATONE HORNS give longer 


trouble-free service. Whatever the application, VIBRATONES can 
solve your signalling problem. Write for Bulletin #105, TODAY! 


Western Electronic Show & Con- — 
vention — Memorial Sports Arena, i 
Los Angeles, Calif., August 21-24. é 


American Home _ Lighting Fixture — 
Month—National promotion, Septem- ~ 
ber 1-30. 


Illuminating Engineering Society—Na- 
tional technical conference, Statler- 
Hilton Hotel, Dallas, Texas, Septem- 
ber 9-14. 


Canadian Electrical Mfrs. Assn.—An- _ 
nual meeting, Sheraton-Brock Hotel, 
Niagara Falls, Ont., October 3-5. 


13626 S. Western Ave., Blue Island, Ill. 


International Assn. of Electrical 


SPECIFY RELIANCE TIME SWITCHES Leagues 7ieh eunae ae 
tober 3-5. 4 


* Three basic models satisfy 
90% of all applications. 
Only Reliance has a T-rated 
70 ampere switch 


National Electrical Contractors Assn. — 
—Minneapolis Auditorium, Minne- ‘ 
apolis, Minn., October 7-13. 


National Electronics Conference—Mc- 
Cormick Place, Chicago, Ill, Octo- 
Reliance assures full scale ber 8-10. 


quality at competitive prices Rocky Mountain Electrical League— 


Fall convention, The Broadmoor, 
SATION 


S BADGER 70 BECOMES yenoe Springs, Colorado, October 
by) NEWEST STANDARD 


Featuring rugged construction, the Badger 

has Dura-treated copper contacts with pressure 

type terminals. Heavy non-ferrous gears run 

with steel pinions. Heavy-duty synchronous 
motor for indoor or outdoor installation. NEMA standard cabinets, flush or surface 
mounted. Vernier time set. Optional features include omitting device, extra 
trippers and one-hour dial. 


Electrical Manufacturers Trade Show 
—Indiana State Fair Grounds, Indi- 
anapolis, Ind., October 23-25. 


National Electrical Manufacturers 
Assn.— Annual meeting Shoreham 
Hotel, Washington, D. C., week of 
November 12. 


a en 


Building Research Institute—Fall con- 
ference, Mayflower Hotel, Washing- — 
ton, D. C., November 27-29. ; 


Reliance also manufactures a full line of general purpose time 
switches. These include the versatile 30 amp. Model W and the 
budget-priced 40 amp. Model 400. Model W is available in 7 
standard types. Silver contacts. Non-ferrous gears run with steel 
pinions. One piece, deep drawn steel cabinet with hinged cover. 
Combination knockouts. One or two circuit control. Model 400 
has all the convenience features of higher priced models. 


Electrical Engineering Exposition — — 
Sponsored by AIEE, Coliseum, New — 
York, N. Y., January 28-31, 1963. ; 


16th International Heating & Air-Con- 


ditioning Exposition—Coliseum, New — 


Write for Latest Descriptive Literature and Prices 
York, N. Y., February 11-14. 


INC. 


Racine, Wis. 


MODEL 400 


RELIANCE TIME CONTROLS, 


1937 Mead Street 


4th Southeastern Plant Engineering 
and Maintenance Exposition — Mer- 
chandise Mart, Charlotte, N. C., 
March 5-7. 
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You Don't Need 


BOLTS €& NUTS 


S 
WASHERS PINS 


or Special Tools 
to install 


Chai. 


a 


Cable 
Support Systems ~ 


Power circuits ...process tubing... 
piping...control cables...are better, 
faster, more economically supported 
with Chalfant engineered systems. 

Exclusive crimp-type splice plates 
securely join Chalfant trays without 
the need of bolts, washers, nuts or 
pins. This is only one of the features 
that drops installation time way down _ 
over conventional installation methods. 


Chalfant uses Aluminized steel to 
make Trays and Splice Plates. It’s a 
high quality, longer lasting, stronger 
material that is outstanding in per- 
formance yet lower in price. 


You'll be years ahead by specifying 
Chalfant Aluminized Steel Cable 
Racks for your jobs to... 


SAVE... 
15% on Material 


40% on Installation 


Chalfont 
@ 


Get The 
Complete Story 


Write for Literature 


Cha (fa nt 


PRODUCTS 
CO. Inc. 


11521 Madison Ave. ¢ Cleveland 2, 0. 
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VAP-OIL-TITE CONNECTORS 


@ for use with liquid-tight flexible, metallic conduit 


@ absolute water and oil-tight seal — vapor, 
dust, grit can't penetrate 


LARGE SIZES—212”, 3”, 4” 


Straight style only. Double 
O-ring neoprene seals pre- 
vent foreign matter penetra- 
tion—nothing can get 
through! Extra long skirt 
prevents damage to conduit. 
Three sizes, 242”, 3” and 
4” packaged individually — 
at the right price! 


STANDARD SIZES — 


Available in 3 styles — straight, 90° 
angle and 45° angle. U.L. and J.I.C. 
approved. Fit both EF and UA conduit. 
Seven sizes for each style from 3” to 
2” conveniently packaged in lots of 5 
to 100, or by carton... priced right! 


Ye" to 2” 


EASIEST TO APPLY--NEVER PULL APART 


The only completely reusable connectors for OEM, replacement 
and maintenance, and machinery applications where a positive 
seal against water and oil is a must! 


Gee oe ae on Oe a a een ee er ee eee ome oe 


I IDEAL INDUSTRIES, Inc. 


WANT 1041-E Park Ave., Sycamore, I}. 


siete Send Vap-Oil-Tite Catalog data 

... sen 

coupon hk 
NOW 


Company. 


: Addre 
! ee Se... eee 
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DONT MOVE IT 
STRADDLE IT... 


With a Safway 
Straddle-Trestle Rolling Tower 


Work in safety over desks, machinery and 
other obstructions, on a Safway rolling 
tower equipped with straddle-trestles. Two- 
foot-wide tower rolls easily through door- 
ways or narrow isles, can be built up to 
12’ height. Wider frames also available for 
higher towers. Easy-rolling rubber-tired 
wheels are equipped with safety-locks and 
screw-jacks for height adjustment or level- 
ing on uneven surfaces. 


TAKE YOUR CHOICE 
e Sturdy steel or lightweight aluminum 
e 7’ or 10’ trestle spans 


2310 Ibs. capacity with Safload Platform 
New Safload steel work platform provides 
2310 Ibs. uniform load capacity or 1150 
Ibs. concentrated load capacity with 7- 
foot-wide straddle-trestle. 


SAFLOAD 


e 5’ or 6’ high ladder-section frames 


See your /ocal Safway dealer, or write for Bulletin 85F. 


SAEFWW7Asz | SAFWAY STEEL PRODUCTS, INC. 


6228 West State Street e Milwaukee 13, Wisconsin 


Swpe-40 


JET LINE 
CYLINDER 
For use in all 
Yn", iy”, 1” 
conduit 


JET LINE 
GUN® 


for use in all 
conduit 114” 
through 4” 


makes you 


A ONE-MAN GANG 


for all conduit wiring jobs! 


JET LINE 
POLY ROPE 
—500 ft. and 
reel 


JET LINE 
POWER UNIT 
20 ibs. CO2 power 
for operation of 
tools 


Here’s the all-new Jetmaster—combin- 
ing the entire Jet Line Method* into 
one handy, compact, easily portable 
unit! On any wire pulling job, with 
Jetmaster you’ll have all the Jet Line 
tools, accessories and power you need 
—right at your fingertips. Jetmaster 
saves countless hours (and dollars), 
helps you pull wire quickly, easily, 
safely in any size, any type conduit 
from 4%” through 4” RY DS 


JET LINE 
RIGID ROPE 
Use to fish 

conduit safer, : 
easier : 
JET LINE 
UNDERGROUND 
To install pull line 

in conduit 114” 

and up 


CONTRACTORS SAY —‘With Jetmaster, 
you can wave good-bye to metal tapes.’’ 


CATALOG 

; NO. 1210 
*Jet Line Gun 

method and. 

apparatus covered 
by basic patent 

A No. 2,930,584 


Oo NR ETE OTERO eae eM rage mente area 


For complete information and. prices, 
write your distributor or 


SJETAANE® PRODUCTS, INC. 


305. Foster Ave. 


4 


* Charlotte 3,N.C. os 
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St. Paul, Minn.—Dr. C. W. Walton, 


Among the 
Manufacturers 


Headquarters Announcements 


Mica Insulator has changed its 
name to the Mico Div. of Minne-— 


sota Mining and Mfg. Co., Sche- 
nectady, N. Y. 

Sola Electric Co., Elk Grove Vil- 
lage, I1]— John V. McGuire, senior 


vice president and general man-~ 


ager; Clemens J. Czapinski, Jr., 
manager of marketing services. 
Minnesota Mining & Mfg. Co., 


vice president for research and 
development; J. W. Selden, divi- 


sion vice president of new prod-— 


ucts commercial development. 

James G. Biddle Co., Philadel- 
phia, 
product planning manager. 

Minneapolis-Honeywell Regula- 
tor Co., Minneapolis, Minn.—Dean 
B. Randall, director of merchan- 
dising; Paul W. Felt, manager of 
operations for Commercial Div. 

Clark Controller Co., Cleveland, 
Ohio—William J. Suk, sales man- 
ager, Standard Products Div. 

Volkswagen of America, Engle-' 
wood Cliffs, N. J.—Frederick J. 
Talento, sales promotion manager; 
Henry J. Harman, car merchandis- 
ing manager; Rendel W. Smith, 
manager of Sales Organization 
Dept. 

General Electric Co., Schenec- 
tady, N. Y.—Maurice C. Sublette, 
manager of sales, Industrial Mo- 
tor and Generator Product Sec- 
tion, Direct Current Motor and 
Generator Dept., Erie, Pa.; R. B. 
Wall, manager of pump, fan and 
compressor industries sales. 

Silvray Lighting, Inc., New 
York, N. Y.—James M. Gilbert, 
chairman of the board and chief 
operating officer; Robert L. Leven- 
stein, president. 

Thomas & Betts Co., Inc., Eliza- 
beth, N. J:—Edward C. Hewitt, 
vice president and general sales 
manager. 

Warner Electric Brake & Clutch 
Co., Beloit, Wis.—Leland W. Ruff- 
ner, manager of operations. 

University Loudspeakers, Inc., 
White Plains, N. Y—Norman San- 
ders, regional sales. 

J. I. Case Co., Racine, Wis.— 
R. I. Hahn, board of directors. 

Simplex Wire & Cable Co., Cam- 


bridge, Mass——John W. Logan, 
president and chief executive 
officer. 


Appleton Electric Co., Chicago, 
Ill.—Phillips M. Darby, vice presi- 
dent-general sales manager. 


MAY, 1962 


Pa.—Robert 8S. Kennedy, — 


ai ea ei ei 


D = 
/f TESTS PROVE: 
10% more slip 


om 


Wire Pulling Lubricant 


Z 
Ly For Lead, Rubber, Braid or 
Synthetic Covered Cables 
iA ; 
<2 There is only 
one Y-ER EAS 


Don't accept substitutes. 
The extra slip means extra 
savings on every job. 


° Creamy, non-corrosive. 
Never greasy or messy. 

e Prevents sticking or setting. 
Extra slip for saddles and 
turns. 

® Does not run back on cables. 

¢ Never harmful to hands, cloth- 
ing, cables or conduit. 


Write for 
descriptive 
literature 


ELECTRO COMPOUND CO. FE: 
4149 W. 150th St, Cleveland 35, Ohio £2? 


CAN TELL WHEN AN 


“E-Z-RED’’preAKER 
HAS TRIPPED. 
YOU CAN FEEL AND SEE 


FEWER 
CALL BACKS 


WRITE FOR FREE CATALOG 


Je ADSWORTH Chcloie 


MFG. CO.. inc 
COVINGTON. KENTUCKY 
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Yesterday your best cust 
Todayadeadloss— 


THEY NEED IT! 
YOU MAKE A GOOD PROFIT! 60% of all businesses that suffer 


severe-loss fires shut their doors forever. Make sure your customers 
stay in business! Sell them the modern Kidde FYRINDEX Detection 
-System. They need it. You’ll turn a good profit every sale you make. 


EXPANDABLE—EFFICIENT Kidde FYRINDEX, built around 


the compact detector shown above, is an expandable system that can 
serve one room or acres of factory space. Customers like the 
FYRINDEX. It not only responds quickly, but can be heat tested peri- 
odically without damage. Customers can also paint the FYRINDEX 
detector without impairing its efficiency. It is unaffected by dust, humid- 
ity, corrosive air particles and vibration. 


SIMPLE- 


EASY TO INSTALL— Components: FYRINDEX Spot 
Detector, control box, distinct horn, wiring. Detector operates on fixed 
temperature and rate of rise principles, is rated to cover 2500 sq. ft. 
It mounts on a standard 314” box, is provided with knockouts for sur- 
face and concealed wiring, meets U.L. and F.M. specifications. 


FOR MORE INFORMATION — get in touch with your electrical 


wholesaler or write direct to Kidde. 


4 

> Yn 

y 

Y 
OE 


Kidde Ultrasonic & Detection Alarms Division 
Walter Kidde & Company, Inc.,585 Brighton Road, Clifton, N.J. 
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EW fe 5 
Me a 
a TRADE MARK REG. 


“DRIVE-STRAPS 


THE FASTER WAY TO 
HANG THINWALL AND 
RIGID CONDUIT, PIPE, 
CABLE, BX, etc. 


ee 


USE IN MASONRY 


JUST DRIVE 'EMIN. 
AND DO THEY HOLD! 


VERTICAL THREADS (hardened 
steel — electroplated). Drives like 
a concrete nail into concrete block, 
green concrete, cinder block, mor- 
tar and similar materials. 


DRIVES LIKE A 
COMMON NAIL 


ANNULAR THREADS (reg- 
ular steel—electroplated). 
Threads "lock" with the wood 
fibres for up to 3-times great- 
er holding power. 


‘ SIZES FOR EVERY JOB... : 
; AND EVERY MATERIAL 


« @ DRIVE EASILY @ WON'T BREAK 
: @ NEVER LOOSEN @ COST LESS! 


ise SaMelee 


MAIL TODAY FOR 
NEW “Hi” CATALOG J 


(1 SEND SAMPLE "DRIVE-STRAPS” 


foeecese 


SATE 


(Hit HOLUB INDUSTRIES, Inc. 


442 ELM ST. - SYCAMORE, ILL. 


*politan 


Bishop Mfg. Corp., Cedar Grove, 
N. J.—Harmon H. Gillman, vice 
president for research and devel- 
opment. 

Gamewell Co., Newton Upper 
Falls, Mass—James C. Hicks, 
manager of the municipal sales 
section, General Sales Dept. 

Royal Electric Corp., Pawtucket, 
R. I—Glenn W. Bailey, president. 

Leach Corp., Compton, Calif.— 
Robert L. Jannen, vice president 
of sales. 

Dayco Corp., Dayton, Ohio— 
Joseph B. Maxson, sales manager, 
Industrial Dept., Rubber Products 
Div. 

International Resistance 
Philadelphia, Pa.—J. Burton 
Henry, director of sales and mar- 
keting. 

Sylvania Electric Products Inc., 
Salem, Mass.—Dan KE. Picini, prod- 
uct marketing specialist for Panel- 
escent lighting; Harold L. Bar- 
num, marketing manager, Indus- 
trial Commercial Sales; Leslie E. 
Innis, All-product manager— 
Large Lamps; Lighting Products 
Div. 

Siegler Corp., Paramus, N. J.— 
Gerhard E. Kadisch, vice presi- 
dent of marketing, Bogen-Presto 
Div. 


Regional Appointments 


NEW ENGLAND 


Black & Decker Mfg. Co.: Roger 
C. Hildebrand, branch service 
manager at Hartford, Conn. 


MIDDLE ATLANTIC 


Allis-Chalmers Mfg. Co.: R. E. 
Persohn, general manager of 
Pittsburgh works. 

Thomas & Betts Co., Inc.: B. R. 
Conner, district manager of Phila- 
delphia. 

Permacel: Donald A. Wallace, 
field sales manager for the metro- 
New York-New Jersey 
area. 

Eutectic Welding Alloys Corp.: 

Robert F. Fox, eastern sales man- 
ager headquartered at Flushing, 
N. Y. 
Harvey Aluminum: H. Litman & 
Son, Yonkers, N. Y., representa- 
tive for New York City metropoli- 
tan area; R. E. Needham, Pitts- 
burgh, Pa., representative for 
northwestern Maryland, western 
Pennsylvania, Columbiana and 
Jefferson Counties, Ohio and state 
of West Virginia. 

International Resistance Co.: 
Felix T. Troilo, eastern district 
sales manager. 

Rawlplug Newark Co.: Joseph 
A. Mruk, branch manager at New- 
ark, N. J. 


Co., 


TOOL 
COMPARTMENTS | 


P 


CONVERTS ANY PICKUP INTO A } 
MONEY SAVING, ROOMY, § 


¢ 
} 
; 


EFFICIENT SERVICE VEHICLE! | 


SIMPLY REPLACE — 
_ FENDERS ON ANY — 
SIDESTEP PICKUP! — 


For Complete Information 
and the Name of the Distributor 
Nearest You... Call or Write: 


UTILITY BODY o.| 


1530 WOOD STREET * OAKLAND, CALIF. 
TWinoaks 3-8980 q 


PHONES 


that need no current 


Your voice 
supplies the power 
needed to operate 
these Sound  — 
Powered Telephone 
handsets over a 
distance of many 
miles. Never fail 
in an emergency. 
For temporary 
or permanent installation. 


a 


Write for catalog 
HOSE-McCANN 
TELEPHONE Co., INC, i 

25th St. & 3rd Ave., Brooklyn 32. N.¥ 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1962 


300— 500 W 
750—1500 W 


INCANDESCENT 


RECTANGULAR 
ROUND 
ELLIPTICAL — 
SCOOP 
REFLECTOR SHAPES 


Porcelain Enamel Finish 
Cast Aluminum Slip Fitters 
Swivel Socket Head 
Enclosed Wiring 


| WRITE FOR | 


| CATALOG No. 9A | 


QUADRANGLE MFG. CO. 


32 S. PEORIA ST. 
CHICAGO 7, ILLINOIS 
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Litecontrol Corp.: Richard 
Knight, Woodbury Heights, N. J., 
representative for Philadelphia, 
eastern Pennsylvania, Delaware 
and southern New Jersey. 

Stanley Works: Howard J. 
Beers, sales representative in the 
New York metropolitan area, 
Power Tools Div. 

University Loudspeakers, Inc.: 
Norman Sanders, regional sales 
manager for central United States. 


SOUTH ATLANTIC 


Litecontrol Corp.: John Asher, 
Baltimore, representative for 
Maryland. 

Sylvania Electric Products Inc.: 
James C. Redifer, Florida repre- 
sentative of Lighting Products 
Div. 

Wiremold Co.: F. A. Navazio, 
sales representative for Washing- 
ton, D. C. territory. 

Pfaff & Kendall: Signal Associ- 
ates, Inc., Miami, representative 
for Florida. 


EAST CENTRAL 


Allis-Chalmers Mfg. Co.: John 
M. Crawford, general manager at 
Gadsden, Ala., works. 

Harvey Aluminum: Ira L. Arkin 
Co., sales representative for south- 
eastern Wisconsin, northern Illi- 
nois and northwestern’ Indiana; 
Riecher Electric Sales Co., sales 
representative for Michigan. 

Pfaff & Kendall: J. E. Nelson 


‘Ine., Indianapolis, sales represen- 


tative for Indiana and Kentucky. 
G&W Electric Specialty Co.: 
Glenn Associates, Inc., Birming- 
ham, sales representative for Ala- 
bama and northwestern Florida. 
Eutectic Welding Alloys Corp.: 
R. H. Groman, central sales man- 
ager headquartered in Moline, IIl. 
Sylvania Electric Products Inc.: 
William LaPelle, Chicago district 
fixture sales supervisor, Lighting 
Products Div. 
Sunbeam Lighting Co.: Wesley 
E. Mattox, Chicago district sales 
manager. 


WEST CENTRAL 


Harvey Aluminum: Arbeiter 
Co., St. Louis, sales representative 
for southern Illinois and eastern 
Missouri. 

Ward Leonard Electric Co.: 
Earl K. Moore Co., New Orleans, 
representative in Louisiana, Mis- 
sissippi, Arkansas and western 
Tennessee. 

Pringle Electrical Mfg. Co.: 
Gregory-Salisbury & Co., New Or- 
leans, representative in Missis- 
sippi, Louisiana and western Ten- 
nessee. 

Sylvania Electric Products Inc.: 
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WIRE 
CONNECTORS 


BAKELITE ° 


SCREW-ON 


WITH BUILT-IN 


“BAND-OF- | 
STRENGTH’: 


COARSE 
KNURLING 
GIVES 
GOOD GRIP 


A real he-man's connector—thick, strong 
wall and skirt prevent damage, even un- 
der severe pressure. Copper coated steel 
insert... wide, deep-threaded throat. Pre- 
cision made. No loose springs—no duds! 


U.L. Listed as pressure cable connectors 
for general use — inall types of branch 
circuit Wiring up to 600V (1000V in fix- 
ture or sign). 


-.. safely handle hundreds 


3 of combinations of No's. 
18-10 solid and/or strand- 
SIZES ed wires, . 


se BREE | 
SAMELES/ | 


NEW “Hi” CONNECTORS : 


rae 
| FIR 
ADDRESS. 
CITY. 


| 
I 
I 
STATE 


HOLUB INDUSTRIES, INC. NG 


Measure Your 
Profit 


in Hours Saved 
with 


BAKER 
SCAFFOLDS 


Profits are elusive most of the time—but 
not when you’re using Baker Scaffolds, 
You actually gain profits because of time 
saved. 


Baker Scaffolds are built full of features 
that save money and time. Most important 
are the many features that speed up the 
job—portability, adjustability, adaptability 
and just plain handy—and Baker Scaffolds 
are durably built for safety—and for a 
long useful life. 


You can do many things with Baker Scaf- 
folds that can’t be done with other scaf- 
folds. Roll through doorways, over 
obstacles on the floor or use them on 
stairways. Platform adjusts in 3-inch 
increments from bottom to top. 


Really, the best way to. see how Baker 
Scaffolds can save is to use them... and 
that, too, is easy. There’s a distributor near 
you... or write direct to the factory for 


a) more complete information. 
a ie 
S| Uy yy Listed Under Re-examina- 

%, 

+, 


’ g/ tion Service Underwriters’ 
Len, Tai” Laboratories, Inc. 
ta 


Write today for literature 
on Baker Scaffolds. See 
how they can save you time, 


BAKER 
SCAFFOLDS 


DESIGNED FOR PORTABILITY © BUILT FOR DURABILITY 


BAKER-ROOS, INC. 
P. 0. Box 892, Dept. = 623 Indianapolis 6, Ind. 


DISTRIBUTORS IN PRINCIPAL CITIES 


Lebanon, Conn., tells Illinois—electrical 
inspectors of new conduit-fill conductor- 
temperature investigation. Limited tests 
already indicate conductors operate 
cooler as percent conduit fill increases 
and when brightness of conduit inner sur- 
face is reduced. Additional study of re- 
lated heat transfer factors is planned, he 
noted. 


Marvin A. Carlson, central area 
fixture operations sales represen- 
tative for Minnesota, North Da- 
kota and parts of South Dakota, 
Wisconsin and Iowa, Lighting 
Products Div. 

R. E. Dietz Co.: G. M. Baird and 
Co., Dallas, representative for Ar- 
kansas, Louisiana, Oklahoma and 
Texas. 

J. A. Weaver Co.: J. W. Gatchell, 
Kansas City, sales representative 
for Kansas and western Missouri; 
Elmer E. Scheetz, St. Louis, Mo., 
sales representative for southern 
Illinois. 


WEST 


Clark Controller Co.: Electrical 
Agencies Co., Denver, sales repre- 
sentative for Colorado and Wy- 
oming. 

Eutectic Welding Alloys Corp.: 
John W. Reuter, western sales 


‘manager, headquartered in Oak- 


land, Calif. 
Jack & Heintz Div., Siegler 
Corp.: Charles R. Dunfee, man- 


ager of Los Angeles office. 

Gamewell Co.: Kenneth R. Her- 
man, regional sales manager lo- 
cated at San Leandro, Calif. 

Sylvania Electric Products Inc.: 
Robert W. Thunnen, regional mar- 
keting engineer on the west coast; 
William K. Chapman, sales man- 
ager of San Francisco district. 

Owatonna Tool Co.: James C. 
Nelson, district manager for 12 
county territory south of San 
Francisco. 

Ward Leonard Electric Co.: 
Thatcher Electronics, Colorado 
Springs, Colo., representative in 
Rocky Mountain area. 


VINCENT McBRIDE, consulting engineer, 


Since 1930 


A broad line of 
Masonry Fasteners 
and 
Masonry Drilling Devices 


See your nearest 
Distributor 
or write 


ARRO EXPANSION BOLT CO. } 
P. 0. Box 388, Marion, Ohio j 


FOR QUICK, EASY 
Cable Installation 


“EFFICIENCY” 


NESTED CONDUCTOR 


Nested conductor racks are compact and 
scientifically designed to carry cables equi- 
distant from center to center. Available in 
2, 3, 4, 5 and 6 bushing racks. 


EFFICIENCY 


ELECTRIC & MFG. CO. 
EAST PALESTINE, OHIO 
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ESSENTIAL 
FOR 
ELECTRICAL 


COPPER PLATED 
AVAILABLE FOR 
PLUMBER'S USE 


R 
8 
OLD ONLY THRU LEADING ELECTRICAL WHOLESALERS 


HIEL TOOL & ENGINEERING CO.,INC. 


17 N. MARKET ST. LOUIS 6, MO. 


You can't beat the 
quality or the price... 


Single and 3 Phase 

Insulating Indoor 

Sizes 1% to 1000 KYA 
Voltages 

up to 15,000 Y. 


Highest quality performance . . . years 
of dependable service . . . priced to 
Save. you money... those are the ad- 
vantages of UTILITY DRY TYPE TRANS- 


Write for 
price and 


‘Sheae™ | FORMERS. They're fully guaranteed: for 
Dealer 3 years, too. Investigate the advantage 
inquiries of installing Utility Transformers now, 


invited. 


you'll be glad you did. 


@ WIRE © WRITE OR PHONE 


Transformer 
' & EQUIPMENT CO. 


Dept. E, 702 LYNN AVE., BARABOO, WISC. 
1322-24 W. CERMAK RD., CHICAGO 8, ILL. 


_TSARRASR ARRAS RSE 


WHAT 222 
VARIABLE SPEEDS 
FROM ANY AC MOTOR? 


YES!...WITH THE NEW 
U.S. MOTORS VARIDYNE 
SYSTEM! 


Send for FREE Brochure > 


US. morors 


No, 2-FA— 
Automatic 
fast charge 
emergency 
light e 
Lead acid 
or nickel 
cadmium 
battery ¢ 
Manual fast 
charge units 
available* 4% 


No. 408F—Steady or flash- 
ing flare ¢ Also transistorized 
models* 


No. 7OOA—2000 ft. beam 
e Large and small bulb e 
Four No. 6 batteries* fe: 


Lights the Way to a Better Job 


{ Powerful BiG BEAM hand lamps, 
flares and emergency lights fit every 
requirement! Finest quality ... 
American made. 


* WRITE FOR CATALOG 
on lamps and accessories 


U-C-LITE Mfg. C0. Cricsrez2 1 
Canada: Bernard Marks & Co., 32 Alcorn, Toronto 7 


oe 


| wo. 164—1500 ft. ray e 
Sealed beam bulb and red 
flasher* 


No. 1711C—POWERHOUSE 
© 2000 ft. beam « 2 bulbs e 


No. 2-75— 
LIFESAVER 
¢ Low-cost 
emergency 
light ¢ Dry 
cell battery 
e 5 hours 
continuous 
operation* 


No. 211—1500 ft. beam « 
2 bulbs « Two 6 V. batteries, 
1130 one as spare 


No. 1000—Most powerful— 
2500 ft. beam « 2 bulbs « 
9 V. battery* 


-5------—-4 
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i is 


SAVE TIME AND MONEY 


ow: SCREW-IN CONNECTORS 


AND 
FLEX COUPLINGS 


A 
\ simple 
twist 


4" FLEX. ay ae 
%"" FLEX. " 
1” FLEX. ” 


+253 FOR 


€& +353 FOR 
#435 FOR 


+203 FOR %2” FLEX. ” 
#303 FOR %” FLEX. =” 
#403 FOR 1” FLEX. " 


< 


U. L. approved 
Write or phone for samples 


ALLEN-STEVENS CORP. 


33-55 62nd Street, Woodside 77, N.Y. > DEfender 5-3000 


Shy wae 


ANNOUNCING NEW 


DUCT-O-WIRE “W2-100” 
SPLICE-FREE WIRE 
SYSTEM 


for Electrifying Cranes, Hoists 
and many other similar types 
of heavy Traveling Equipment 


@ INSTALLATION CAN BE 
MADE IN HALF THE TIME 
OF OTHER SYSTEMS 


@ FULLY ENCLOSED, SAFE 
@ 100-AMPERE CAPACITY 


@ CONTINUOUS LENGTH, SOLID 
HARD-DRAWN COPPER 
CONDUCTOR 


* Can also be used to enclose most exist- 
ing bare wire installations 


NEW 
FACTORY- 
ASSEMBLED 


HYDRAULIC 


c 


WRITE 
FOR BROCHURE 


lifts Men and Materials. 
to Working Height . . . FAST! 


Work height is easily changed up or down 

by a touch of the hydraulic controls, after é 
releasing the safety lock. The big Sky 
Witch lifts loads of up to 2000 pounds 
and extends to heights of up to 30 feet 
—and there are models to fit other 
requirements! Ideal for installing and 
servicing overhead electrical systems! 
Offered in your choice of power, mount- 
ing, and optional features! 


CHARLES Machine Works, Inc. 


626 Birch St. © Perry, Okla. © FE 6-4404 


6520 BISSELL ST. — 
BELL + CALIF. 
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SEARCHLIGHT 
SECTION 


(Classified Advertising) 


EMPLOYMENT . 
EQUIPMENT, — USED OR 


BUSINESS 
RESALE 


OPPORTUNITIES 


DISPLAYED RATE 


EQUIPMENT & BUSINESS OPPORTUNITY 
Advertising $24.35 per inch. 
EMPLOYMENT OPPORTUNITIES—$32.60 
per inch, subject to Agency Commission. 
An advertising inch is measured 7%’ verti- 
cally on one column, 3 columns—30 

inches—to a page. 


—__ UNDISPLAYED RATE 


(Not available for equipment advertising) 
$2.40 a line, minimum 3 lines. 


POSITIONS WANTED undisplayed rate is 
one-half of above rate, payable in advance. 


Box Numbers—Count as one line. 


Discount of 10% if full payment is made 
in advance for 4 consecutive insertions. 


ADDRESS BOX NO. REPLIES TO: Bow No. 
Olassified Adv. Div. of this publication. 
Send to office nearest you. 
NEW YORK 36: P. O. Bow 12 
CHICAGO 11: 645 N. Michigan Ave. 
SAN FRANCISCO 11: 255 California St. . 


POSITION VACANT 


South Florida Consulting Engineering Firm 
has permanent position for Electrical Engi- 
neer thoroughly experienced in electrical de- / 
sign of buildings. College graduate and regis- 
tration preferred. Send complete resume of 
education, experience and salary require- 
ments. P-8558, Electrical Construction & 
Maintenance. 


SELLING OPPORTUNITY AVAILABLE 


Representatives Wanted — Select territory 
open. Well known nationally advertised 
fastener line, requires representatives be- 
cause of policy change. Contact RW-8757, 
Electrical Construction & Maintenance, 


Electrical Engineer 


Mgt. level with progressive Co. 
Excellent opportunity for qualified 
man. Electrical background, power 
application training and experience 
in application and servicing re- 
quired. Age not a factor. Send 
resume to 


P. 0. Box 247 Brightwood Station 
Springfield, Massachusetts. 


MANUFACTURERS REPRESENTATIVES 
WANTED 

recognized manufacturer of display 

xtures and accessories is seeking repre- 


Nationall 
lighting 
sentatives who have good connections with elec- 
trical distributors, electrical contractors, archi- 
tects, and _ utilities. Choice territories open. Send 
resume with background. 


RW-8904, Electrical Construction & Maintenance 
Classified Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 


WIRE and CABLE WHEN YOU NEED IT 


From Chicago you can get immediate 
delivery on all types of Electric Cable. 
Order today. We ship same day. 


Send for our latest stock sheet 
UNIVERSAL WIRE & CABLE COMPANY 


2919 N. Paulina St. Chiesa 13, Ul. 
Branches: Los Angeles—Houston—Denver 


'e Anaconda 


| Lee aah ReSute e 


| Abolite Lighting Div., 
The Jones Metal Products Co. 


| PN Cetinate pie 1; GOs «cise ewe 5 = 
' Adam Electric Co., Frank.... 


| Advance Transformer Co..... 
|) Allen-Bradley Co. ........ Za 
Allen-Stevens Corp.......... 


I Allis-Chalmers Mfg. Co...41, 


220, 


’ All-Steel Equipment, Inc., Raco 


PDR ere ie Sete tes ee Saar 8, 
American Biltrite Rubber Co., 
_Inc., Boston Woven Hose & 

Rubber Div. 
American Sealants Co........ 


@ American Steel & Wire Div. of 


U. S. Steel 
American Telephone & Tele- 
ici eis tne iter’ ane tas eles 
Amprobe Instrument Corp. 
FATPCOWEHDUMpm si ctsneis Aeysimyeres< ois 
Recorder wlWiviviiscc mee siiscce 
Metal Hose Div., 
Anaconda American Brass 
CCONSEI SMP ct araiee ibis « 
Anaconda Wire & Cable Co.. 


Anderson Electric Corp...... 
LNpplefonm mm lectr tC. COnis § y+. 
Armco. wsteel COnp\.. sre sis acess 


@ Arro Expansion Bolt Co...... 


Arrow-Hart & Hegeman Elec- 
tric Co. 


@ Automatic Switch Co........ 


IBakeraROOS tt UNG pals cisie Cecehse 


@ Belli BlectrichGon. ese) ssc os 


@ Blackhawk Industries 
® Briegel Method Tool Co..... 


Bell Telephone System....... 
Benjamin Div. of Thomas-In- 

PUIIS EIN SSL CNd te lencies c es 249, 
BethlehemuSteel\ Cow... 25... 


® Biddle+Go., James’ G. ww... 2.. 


BishG pe Mle COG «reco hanes 
Black & Decker Mfg. Co., The. 
300, 


@ Buchanan ‘Electrical Products 


Corp., a Subsidiary of ESNA 
BullDog Electric Products Divi- 
sion, I-T-E Circuit Breaker 
Go) a5 Sa a ee eee 108, 
35) £0 eYaly (Cfo) 0)? eens oreo 
Burndy Corp., Husky Div.... 
Bussmann Mfg. Co....... 100, 


Carlon Products Corp........ 
Certified Ballast Mfgrs....... 


@ Chalfant Products Co., Inc.... 


Champion DeArment Tool Co. 


Champion Lamp Works...... 
Charles Machine Works, Inc.. 
Chase-Shawmut Co., The..... 
MACIClE Rie, CO. 6S ord oc vl oai0'c' 
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dvertising In This Issue 


Circle Wire & Cable, a Subsidi- 


ALY Oke Certo. Couper aan EAN 
Clark Controller Co., The.... 252 
Cornish? Wite* ©oxes sa. ce on 2 205 

@ Crescent Insulated Wire & 

CablexGou- news. «tcc ess os 31 

@ Crouse-Hinds Co. .... Fourth Cover 
© Cutler-Hammer, Inc....49,-50, 51 
52, 64, 65 
Day-Brite Lighting, Inc....26, 27 
DodserGorpueits Wie kcs sce oie 309 
@ Dongan Electric Mig. Co..... 312 
Dow Corning Corp.......... 4 
WDrct-OrWairey Gov. hola. we. 334 
du Pont de Nemours & Co., 

5 CY Sop Eis ol Race ate pede TC Te rar ame 209 
Dymo Industries, Inc........ Til 
Eagle Electric Mfg. Co., Inc.. 314 
Blasy=tleatalne:) sc. ata cies ses 325 

e Efficiency Electric & Mig. Co. 332 
Hlecthic tiles, CO sek wae 5 hot oe 324 

e@ Electro Compound Co........ 329 
Electromode Div., Commercial 

Controls: Corpys wu nisoc 238, 239 
Erico Products, Ines. 2.5.7. 241, 272 
Eveready Bricksaw Co....... 319 

e@ Federal Pacific Electric Co. .86, 87 
e Federal Sign & Signal Corp.. 326 
© Hullman tio Cow casct. bie bos 317 
@ Hurnas. MlecthiciCon it whia 14 
G & W Electric Specialty Co. 80 
Gamewell Co., The ..,.......- 305 
General Electric Co....83, 99, 104 
229727), 279, 281 
287, 289, 298, 318 

Circuit Protective Devices 
Dept chia nst. avheteiann 7. 37, 283 

Distribution Assemblies Dept. 285 

earapy Ditve vert res etal PANO AAA 

Wire & Cable: Dept... 2. 243 

Wiring Device Dept..... 256, 257 
(GlobeuiGon hones.) oe sioweians os 288 

® Graybar Electric Co., Inc..17, 18 
LOS 20 222235 240178..79 
Greenlee: Pools Cor ce stew. 260 
Guarditanelbio ht iGo yccte 3 sicts-=r- 321 


Guth Co., Edwin F., The 


Second Cover 


Hatfield Wire & Cable Div. of 
Continental Copper & Steel 
Industries, Inc. 

Heinemann Electric Co....... 

Henderson-Hazel Corp. ...... 

e Hoffman Engineering Corp.. 
TlolophanesCo.- Ines 2. sa. ss 
Holub Industries, Inc..... 330, 

@ Hose-McCann Telephone Co., 

Inc. 
continued on page 336 
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HAS EVERYTHING 
YOU NEED FOR 


MOTOR AND 
COMMUTATOR 
MAINTENANCE 


Write for Free Motor Maintenance 
Catalog, NOW 


DEAL INDUSTRIES, Inc. GM 


IDEAL INDUSTRIES, Inc. 


| 1041-E Park Avenue, Sycamore, Ill. I 
| Send me Motor Maintenance Catalog. 
j Name. | 
] Company: 2 So 23s ee eee 
] Address | 
City. Zone State. 
SOLD THRU AMERICA'S LEADING papers | 
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TIME SEH 


APARTMENT BUILDINGS * PUBLIC 
BUILDINGS © FLOODLIGHTING 
STORE WINDOWS * CHURCHES 
FACTORIES * PARKING LOTS 
STORES * BILLBOARDS | 
PATIOS * MOTELS 
e HOTELS 3¢ 


47007-0SZ 
Series 


PARAGON 


makes it! 


Paragon offers the most com- 
plete line — general purpose — 
multi-purpose — 7-day — with 
“skip-a-day’’ — with ‘‘Astro- 
Dial” and many other types for 
automatic control of all light- 
ing applications; incandescent, 
mercury-vapor, or neon — to 
meet your specific illuminating 
requirements. 


For complete information on 
Paragon Time Controls — con- 
tact your Authorized Paragon 
Distributor. He carries a full 
line in stock and is qualified to 

provide technical as- 
“ sistance on any light- 
ing application. 


PARAGON 
WHOLESALE POLICY 
We sell on 
trols % 


Call for Paragon 
on your next order. 


Tamed money... control it with Trager, 
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27704B 
PARAGON ELECTRIC CO., INC. 


Subsidiary of American Machine & Foundry Company 
TWO RIVERS, WISCONSIN 


| 
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EMPLOYMENT OPPORTUNITIES ... 
EQUIPMENT 


WANTED 


@ These manufacturers 
advertised their products in 


ELECTRICAL PRODUCTS GUIDE 


MAY, 1962 


& & C Blectric Co..). ae ” 


Safway Steel Products, Inc. . 
Sierra Electric Corp......... 
Simplex Wire & Cable....... 
Skil: Cofp 6 i5..sae ee 
Sola Electric Co., Div. of Base 
Products Corp. Mice 76 
Sorgel Electric Co........ 213, 214 
Square D Co....Third Cover, 1 
Steber Div., The Pyle-National 
Co. ihe Sa ee 
Steeli& Lubes Dive. reer 228, 229 
Steel City Electric Co...... 88, 89 


Stonco Electric Products Co.. 


Sylvania Electric Products Inc. 


€ 4 
Thiel Tool & Engineering Co., 
Inc. 33 


ee er 


Inc. 


U-C: Lite: Mie: ‘Cons eoeemiee 
U.S, Electrical Motors....... 
U.S. Rubber, Naugatuck Chem- 

ical Division 
WS. Steel 
‘Utility:-Body. :Co.¢2).se panes 
Utility Services Co., Inc. ..... 
Utility Transformer & Equip- 

ment Co, 


ec a | 


Pe er ce 


ee ee 


Van Huffel Tube Corp)) i202. 
Volkswagen of America, Inc.. 


‘Wadsworth Electric Mfg. Go., 
The 
Wagner Electric Corp........ 
Wakefield Lighting Corp., Art 
Metal Lighting “Div... 
Ward Leonard Electric Co.... 
Wesix Electric Heater Co.... 

Western Insulated Wire Co.. 
Westinghouse Electric Cone i 
33, 58, 59, 60, 61, 235, 265, a 


ee ee a) 


Wide-Lite Gorp! te Te 
Wiegand. Co., Edwin L...... 
Wiremold sGoccs%el 45, 46, 47, 


The ....<s-2 0d Se 198, 199 


CLASSIFIED ADVERTISING ~ 
F. J. Eberle, Business Manager 


(Used or Surplus New) 
For Sale 
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Equipment 


ee ee ee 


